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ABSTRACT 
 
 
 
 
 
Vegetables from plant factory are not uncommon for Japanese. But for the most 
Chinese, plant factory is a new emerging technology. Many people have never heard 
the word “plant factory”, let alone the experience of taste of the vegetables from a 
plant factory. This paper discusses design requirements of home plant factory for 
Chinese market. The study contains various efforts to the design requirements of 
home plant factory. There are six chapters in this study. 
 
The first one is the introduction. The concept of plant factory is introduced 
including the history of plant factory and the technology of plant factory. This chapter 
is referring the application and development of plant factory in Japan and China. 
Because the technology of plant factory in Japan is well developed. Studying 
Japanese plant factories can help the development of plant factory in China. 
 
In the second chapter, a market research is made by questionnaire analysis. The 
evaluation and extraction of vegetable factors from plant factory was made for further 
analysis. 
 
The third chapter is a continual research of marketing research with two main 
objectives. First, this study defines the target users whose customer value might be 
compatible with home plant factories’ characteristics. Second, it classifies those target 
users in order to help designers understand their attributes and provide specific design 
directions for them. The Convenient and Healthy life groups were determined to be 
home plant factories’ target users. Their attributes were discussed and appropriate 
design directions suggested.  
 
In the fourth chapter, the home plant factories are gathered and the design trends 
are found as well as the products category using the Quantification Method Type 
Three. A questionnaire was made to gather the related information and data about the 
evaluation of home plant factories’ design. The finding showed the different design 
requirements for different market; the small size design can use the UNPF technology 
 ii 
for the young target users.  
 
The fifth chapter is dealing the technology development for small size home plant 
factory. The technology is an improvement of conventional aeroponics and it cannot 
only help grow vegetables easily and quickly, but also requires less water and energy 
than conventional hydroponics. In the research，the UNPF (Ultrasonic Nebulizer Plant 
Factory) was compared with conventional hydroponics in the environment of indoor. 
The new technology was proved to be good. Technology application of the UNPF 
was discussed for the design of home plant factory.  
 
A suitable design of home plant factory is a good promotion for technology of 
plant factory for Chinese. This study is clarifying the design requirements for 
different market in China that can be used as a meaningful strategic design index for 
plant factory designers. 
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概要 
 
 
 
 
 
 
 
 
日本では、植物工場の野菜は珍しくないけれども、多くの中国人にとって、
植物工場は新しい技術である。多くの中国人にとって、「植物工場」という言
葉さえ耳にしたことがない。まして植物工場の野菜の味の体験はなおさらであ
る。本稿では、中国市場の家庭用植物工場について、主に家庭用植物工場の設
計要件について研究する。六章を分けて論じたいと思う。 
 
第一章は序章であり、植物工場そのものおよび起源と技術現状について説
明する。本章では、日本及び中国における植物工場の現状を比較する。日本に
おける植物工場の技術は非常に発達しており、これは中国の植物工場の発展に
ヒントを提供した。 
 
第二章は植物工場の野菜市場のイメージ研究である。アンケートの形を通
じ、植物工場で作られた野菜に対して、評価と因子抽出を行う。 
 
第三章は市場細分の研究である。まず市場を細分し、植物工場の価値と適
合性が高い客層を探し、そして各客層の特徴を分析し、デザインなーに方向性
がある設計アドバイスを提供する。 
 
第四章では、各種の家庭用植物工場の写真が収集され、研究に使われた。
この研究のなか、設計傾向と設計案例は数量化三類によって分類された。分類
の結果に基づき、異なった典型的な案例は設計の評価に使われる。 
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第五章では、家庭用植物工場について、技術研究を行う。本章では「霧耕」
という一種の新しい家庭用植物工場技術が出された。この技術を利用して、野
菜がより早く成長するだけではなく、伝統的な水耕栽培と比べてより少ない水
が必要とされ、より環境に優しい。本章では、家庭用植物工場におけるこの新
しい技術の応用にいくつかの提言をした。 
 
良い家庭用植物工場の設計は中国における植物工場技術を広めることを
促す。本研究においては、家庭用植物工場の設計要件が整理された。デザイナ
ーにとって、この研究の結果は戦略的な設計参考価値を持つのだろう。 
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 1 
1. Introduction 
 
 
 
 
 
 
 
 
 
 
 
 
1.1 Introduction of plant factory 
“All year round, anywhere, always safe.” This is a statement from Japanese 
Ministry of Economy, Trade and Industry. It is used to describe plant factory. A	  plant	  factory	  is	  a	  facility	  that	  aids	  the	  steady	  production	  of	  high-­‐quality	  vegetables	   year	   round	  by	   artificially	   controlling	   the	   cultivation	   environment	  (e.g.,	   light,	   temperature,	  humidity,	   carbon	  dioxide	   concentration,	   and	  culture	  solution),	  allowing	  growers	  to	  plan	  production	  [1-­‐1].  
Plant factory can aids stable production of crops throughout the year because 
it can be built anywhere and does not require big farmland since use multiple 
cultivation shelves [1-­‐2].	    By	   controlling	   the	   internal	   environment,	   plant	   factories	   can	   produce	  vegetables	  about	  two	  to	  four	  times	  faster	  than	  by	  typical	  outdoor	  cultivation.	  The	   growth	   cycle	   of	   hydroponic	   plants	   is	   much	   shorter	   than	   that	   of	   plants	  growing	   in	   soil.	   At	   present,	   vegetables	   such	   as	   lettuce	   growing	   in	   the	   "plant	  factory"	   can	   be	   harvested	   20	   days	   after	   they	   are	   planted,	   less	   than	   half	   the	  growth	  cycle	  of	  plants	  growing	  in	  ordinary	  farmland	  [1-­‐3].	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In	  addition,	  as	  multiple	  cultivation	  shelves	  (a	  multi-­‐shelf	  system)	  are	  used,	  the	  mass	  production	  of	  vegetables	  in	  a	  small	  space	  is	  facilitated	  [1-­‐4].	   	   Aside	  from	  a	  shorter	  growth	  period,	  the	  plant	  factory	  is	  also	  advantageous	  in	  space	  utilization	   rate.	   Generally	   equipped	   with	   multi-­‐layer,	   three-­‐dimensional	  shelves,	   the	   plant	   factory	   can	   cultivate	   several	   times	   more	   plants	   than	   in	  outdoor	   farmland	  of	   the	  same	  size.	  Along	  with	  higher	  planting	  density	  and	  a	  shorter	   growth	   period,	   the	   output	   of	   the	   plant	   factory	   can	   be	   dozens	   to	  100-­‐folds	   that	   of	   conventional	   farming.	   There	   are	   too	   many	   uncontrollable	  factors	   in	   growing	   plants	   in	   farmland,	   including	   lighting,	   temperature,	  humidity	   and	   carbon	   dioxide	   concentration,	   while	   those	   factors	   are	  controllable	  in	  the	  plant	  factory.	  Plant	   factory	   has	   in	   common	   with	   the	   greenhouse.	   They	   are	   indoor	  farming	  system	  that	  is	  equipped	  with	  modern	  and	  high	  technology	  mechanism,	  which	  control	  the	  environment	  for	  growing	  the	  crops.	  It	  is	  also	  protecting	  the	  crops	   from	   adverse	   outdoor	   conditions.	   The	   fundamental	   difference	   is	  greenhouses	   depend	   upon	   the	   climatic	   condition	   outside	   the	   building	   [1-­‐5].	  While	  plant	  factory	  can	  supply	  fully	  artificial	  environment	  to	  control	  the	  plant	  growth.	   	  In	   the	  1960s	  and	  1970s,	   some	  countries	   like	   the	  U	  S,	  Austria	  and	   Japan	  started	   to	   carry	   out	   relevant	   research	   and	   experiments	   and	   achieved	  remarkable	   outcomes.	   Of	   those,	   Japan	   has	   been	   most	   successful	   in	   the	  market-­‐oriented	  development	   of	   "plant	   factories"	  with	   the	   active	   support	   of	  the	  Japanese	  government.	  Today,	  many	  "plant	  factories"	  in	  Japan	  can	  produce	  perfect-­‐looking	   lettuces	   and	   other	   types	   of	   green	   vegetables	   24	   hours	   a	   day	  and	   seven	   days	   a	   week.	   Some	   "plant	   factories"	   with	   a	   larger	   area	   each	   can	  supply	  three	  million	  vegetables	  a	  year	  to	  meet	  consumer	  demand.	  Plant	   factory	   is	   specified	   as	   year	   round	   vegetables	   production	   under	  indoor	  atmosphere	  with	  environmental	  control.	  As	  it	  runs	  artificial	  control	  for	  plant	   growth,	   it	   requires	   huge	   operation	   cost	   due	   to	   the	   intensive	   energy	  consumption.	   The	   impact	   of	   the	   high	   cost	   causes	   the	   higher	   price	   of	   the	  vegetables	   form	   plant	   factory	   than	   those	   by	   open	   field	   farming.	   The	   other	  drawbacks	   are	   the	   cultivation	   technology	   yet	   to	   be	   established	   and	   lack	   of	  human	   resources	  with	  both	   cultivation	   skills	   and	   facility	  management	   skills.	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These	  disadvantages	  need	  some	  actions	  how	  to	  reduce	  the	  cost	  of	  facility	  and	  energy	   consumption	   establish	   the	   cultivation	   technology	   and	   human	  resources	   development,	   develop	   and	   expand	   crop	   varieties	   for	   production	  [1-­‐6].	  
Plant factory becomes an emerging industry that requires system integration 
across various fields, including air conditioning, clean rooms, insulation materials, 
LED lights, environmental control, sensor systems, Internet of Things, sterilization 
technologies, electrical equipment, hydroponic equipment, and cloud computing 
systems. It creates demands for hardware equipment and also environmental 
control system integration opportunities; from the perspective of the industry, 
market and application, plant factory combines different fields such as photonics, 
construction, agriculture, and livestock to enable cross-industry cooperation.  
Due to late beginning, the technique of plant factory in China is still at the 
experimental stage. It hasn't been fully developed yet. In 2004, Zhejiang, Lishui 
Institute of Agricultural Sciences, China stated to build the first plant factory.  By 
2011, more than 20 plant factories spread over 10 provinces and municipalities in 
China have included 20 varieties of vegetables. In China, the area used for 
greenhouse horticulture is growing yearly, and it is estimated that currently the area 
is 3.6 million hectares, around 70 times the area used in Japan for the same purpose. 
Similar to the trend in Japan, there is growing health consciousness and awareness 
of food safety in China, and it is projected that demand for high-quality, safe 
vegetables, such as those grown in plant factories, will increase in the future [1-7]. 
The Chinese market is expected to experience future growth. The object of this 
paper is to research the design of home plant factory for the promotion of plant 
factory in China. The second chapter is referring the application and development 
of plant factory in Japan and China. The technology of plant factory in Japan is 
well developed. The study of Japanese plant factories can help the development of 
plant factory in China. 
 
 
1.2 Plant factory in Japan and China 
1.2.1 Development of Japanese plant factory 
The plant factory in Japan represents advanced technology in the world.  
The concept of plant factory was previously developed in Japan. This technology is 
 4 
particularly important in Japan where large population depends on scarce land 
resources for their food production Many companies in Japan are interested in plant 
factory and related actives [1-8].  
  According to a research of 50 plant factories in Japan (2008, 12- 2009, 3) 
launched by Japanese’s MAFF (Ministry of Agriculture, Forestry and Fisheries) and 
Ministry of Economy, Trade and Industry in November 2009, 72% of the Plant 
factories using both sunlight and artificial light were started before 2000, 38% of 
the new started plant factories were plant factories with artificial light were started 
since the recent three years (from 2006 to 2009). 56% of the plant factories with 
artificial light belonged to the private enterprises. This number for plant factories 
using both sunlight and artificial light was only 38% [1-9]. As of March 2012, 
Japan had 106 plant factories with artificial light for commercial production of leaf 
vegetables. The largest plant factory with artificial light in Japan produced around 
25,000 lettuce heads per day or nine million per year. In addition to this kind of 
plant factory for leaf vegetables, facilities of 15-100 m2, for commercial seeding 
production were used at about 150 different locations in Japan by October 2012. 20% 
of them were profitable, 60% of them were break even and 20% of them were not 
profitable. Depreciation accounts for roughly 30%, labor 25% and electricity 20% 
of the total production costs. Initial setup and operating costs are expected to 
decrease by about 50% with in years.  
 
 
Figure	  1-­‐	  1	  Plant	  factory	  development	  in	  Japan	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By a report released by Japan Greenhouse Horticulture Association, by 2013 
March, Japan had 125 plant factories with artificial light for commercial production 
of leaf vegetables, 28 plant factories with both sunlight and artificial light, 151 plant 
factories using sunlight only [1-10]. In 2013, the market of plant factories with 
artificial light was 3.3 billion 96 million yen.  
  
 
Figure	  1-­‐	  2	  Knowing	  about	  plant	  factory	  in	  Japan	  
 
 
Since 2009 January, Japanese’s MAFF (Ministry of Agriculture, Forestry and 
Fisheries) and Ministry of Economy, Trade and Industry started a project named 
Plant factory working group. In the Ministry of Economy, Trade and Industry 
Government building, a demonstration facility of artificial light type plant factory 
was set up and a survey was held for visitors to investigate the attitude of plant 
factory. The questionnaire included basic questions like gender, age, residence, 
occupation, and awareness of plant factory, trigger of the participation tours, 
purchase experience of vegetables from plant factory and future purchase conditions. 
829 visitors answered the questionnaire. According to the result of the questionnaire, 
49% of the visitors answered “Yes” when they were asked, “Do you know about 
plant factory before?” There are many ordinary customers in the visitors and 69% of 
them do not know about plant factory. The result shows that even in Japan, the 
awareness of plant factory is not high. 
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The good keeping quality of vegetables grown at plant factories makes them 
suitable for consumption by unmarried people who live alone and elderly 
households. Since the prices of factory-grown vegetables are less competitive than 
vegetables grown outdoors, producers should advertise values other than price (e.g., 
pesticide-free) that appeal to consumers. An easy strategy to implement would be 
adopting the concept of "local production for local consumption" in a way that is 
suited for plant factories, such as meeting local demand, including that related to 
meals at schools and hospitals. 
In the future the plant factory development pattern is considered as follows: 
○1 . Three steps are predicated: From 2015 to 2016, LED plant factory will be 
gaining popularity in plant factory with artificial light in Japan. The next generation 
of plant factory will be developed in 2018. From 2020 to 2025, the high valued 
vegetable market will be expanded.   
○2 . Artificial light will be used as a light supplement in plant factory with solar 
light and artificial light and the market is expected to expand. 
○3 . About the plant factories with solar light, the market will mainly expand 
through the participation of private enterprises. The existing greenhouse horticulture 
will be further developed to become plant factories with solar light.  
 
1.2.2 Chinese plant factory development  
Plant factory is featured by high-tech and high investment. It aggregates 
agriculture and industries of high and new technology. China agriculture has a 
relatively low of industrialization, whether it is from the technology of the plant 
factory or from the cost, it is still difficult in china. However, with the development 
of agricultural modernization and the adjustment of planting structure, the sown 
areas are reduced while vegetable industry is developing quickly. In 2008, 
horticultural plant areas increased more than 333 thousand hm2.the development of 
vegetable industry brings contradiction between human and land. It brings a chance 
to the development of plant factory. 
Due to late beginning, the technique of plant factory in China is still at the 
experimental stage. It hasn't been fully developed yet.  
In 2004, Zhejiang, Lishui Institute of Agricultural Sciences, China stated to 
build the first plant factory. August 2010, China’s first large-size Plant Factory 
“JingPeng Plant Factory” was completed and ran into use in Beijing Tong Zhou 
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agricultural Park. 
 
Figure	  1-­‐	  3	  Jingpeng	  plant	  factory	  in	  Beijing	  
	  
“Jing Peng Plant Factory” is a Plant Factory of completely closed artificial 
light type. LED is used as light source. Having a productivity of 15-20 times higher 
than outdoor cultivation, the production cost is five times higher than open field 
vegetables, which is relatively higher than Japanese Plant Factories. In addition 2 
invention patents and 16 utility model patents, this factory has obtained four items 
in Science and Technology Innovation Product Award, direct economic income has 
reached 8 million RMB. By 2011, more than 20 plant factories spread over 10 
provinces and municipalities in China have included 20 varieties of vegetables. The 
varieties in plant factories in China still lag behind those in Japan, which has nearly 
60 varieties, including not just vegetables, but vegetative medicinal materials as 
well. 
In Zhejiang University Agricultural Experimental Station, the 800 m2 closed 
modern plant factory with artificial light was built in Changxing, Zhejiang Province 
and it is currently in use. a variety of advanced techniques are employed to control 
the growth of plants, such as ranging from environmental intelligent control, soilless 
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multi-layer culture to nutrient recycle.  The output of plants can be evenly 
controlled throughout the year. For example, lettuce will take merely 16-18 days 
from its plantation to harvest and 18-22 batches can be harvested in a year. Its 
approximate output will hit 200,000 kilogram, roughly 30 times as high as in open 
fields [1-11].  
Solar powered plant factories are also developed in China. The first solar 
powered plant factory was constructed in Wuxi, Jiangsu. In China, the area used for 
greenhouse horticulture is growing yearly, and it is estimated that currently the area 
is 3.6 million hectares, around 70 times the area used in Japan for the same purpose. 
Similar to the trend in Japan, there is growing health consciousness and awareness 
of food safety in China, and it is projected that demand for high-quality, safe 
vegetables, such as those grown in plant factories, will increase in the future. 
The area used for greenhouse horticulture is growing yearly in China, and it is 
estimated that currently the area is 3.6 million hectares, around 70 times the area 
used in Japan for the same purpose. Similar to the trend in Japan, there is growing 
health consciousness and awareness of food safety in China, and it is projected that 
demand for high-quality, safe vegetables, such as those grown in plant factories, 
will increase in the future. 
The importance of such advanced technology to ensure food safety in China has 
not been realized among many officials. The present condition is that installation of 
plant factory has not been seen on the market yet. However, China is considered as 
one of the fastest growing developing countries in the world and Chinese users have 
large potential on high-end purchase in the future. The pursuit of quality of life and 
problems such as food safety and energy shortage give enough reality to the plant 
factory in the near future.  
 
1.2.3 Chance of developing home plant factory 
According to a recent online survey of 1696 Internet users supported by SOHU 
company, 97.82% of respondents would like to grow vegetables at home. Figure 1-4 
indicates that there are three purpose of growing at home: Eating safe vegetables, 
experiencing the fun of growing and enjoying the pleasure of harvest.	   Actually 
growing vegetables is not an easy work. Ordinary customers feel difficult when start 
growing vegetables. Figure 1-5 indicates that not enough space for growing is the 
first problem; also many people don’t know how to grow plants. 
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Figure	  1-­‐	  4	  Purpose	  of	  growing	  vegetables	  at	  home	  
	  
 
Figure	  1-­‐	  5	  Difficulty	  of	  growing	  vegetables	  at	  home	  
	  
Vegetables from plant factories have one disadvantage: cost. Because of the 
high cost of production, the price of vegetables grown in plant factories is several 
times higher than that of common vegetables. For instance, a head of lettuce grown 
in a plant factory with artificial light now sells for about 15 Yuan (250Yen), about 
five times more than an ordinary one. What we need to do now is try to lower the 
cost of planting vegetables in plant factories, so that such products can go on the 
market in large quantities to benefit more people. Considering the cost problem of 
plant factory, home plant factory is conceived to be a promotion of this technology. 
1. Customer value is different with vegetables from plant factory. Compared 
with vegetables, home plant factory is sold as a household appliance. The cost of 
each vegetable will be less emphasized than one from plant factory. The price of 
home plant factory is affected by not only the technology, but also the other factors 
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like size, material, design and so on. The cost of these products is more flexible and 
controllable. 
2. The vegetables value like quality is recognized well because home plant 
factory users will grow the plants by themselves. In the following research, some 
respondents showed the concern about the “artificial plants” from plant factory.  
3. Extra value of home plant factory. Compare with plant factory, home plant 
factory has more extra values. Some home plant factories can be put at home as 
decoration. Some home plant factories have function of education for children. 
Some home plant factories combine function of fish tank or refrigerator. Home 
plant factory is not only a product that growing vegetables simply like plant factory. 
It supplies a new life style to customers. 
4. Demand of growing vegetables at home. Compared with buying high price 
organic vegetables, people would grow vegetables by themselves. There is a great 
demand of buying a product like home plant factory according the investigation in 
this study. 
Considering the reality of plant factory development in China, the idea of home 
plant factory is believed to be a good promotion of plant factory technology. 
Actually some low-tech home plant factories have been on the market for some time. 
However, there are many unsatisfactory conditions on these products. A design 
requirement study is necessary in order to know the customers’ preference and 
supply them a suitable home plant factory product. This study is clarifying the 
design requirements for different market in China that can be used as a meaningful 
strategic design index for plant factory designers. 
 
1.3 Previous study 
With the development of plant factory, a lot of research work about home plant 
factory has been carried out in China in recent years.  
Li DX carried a research about home plant factory; the lettuce cultivation effect 
through initial cultivation experiment in home plant factory was studied. The home 
plant factory, which named JPWZ-1-type micro plant factory (Figure), was 
developed by Beijing Kingpeng International Hi-Tech Corporation,Ltd. The micro 
plant factory mainly includes cultivation area, nutrition fluid circle area, electrical 
control part, environment control area [1-12]. The study shows that leaf vegetables 
can grow in home plant factory and the growth period was shorten 1/3 compared 
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with normal green house facility; The micro plant factory can grow vegetables all 
year round without using pesticide. Vegetables grew better in LED light than 
fluorescent light.  
 
 
Figure	  1-­‐	  6	  JPWZ-­‐1	  type	  micro	  plant	  factory	  
	  
 
Beijing IEDA Protected Horticulture Co., Ltd is a representative enterprise, 
which developed a lot of home plant factories with the cooperation of Chinese 
Agricultural Facilities. The products have been exhibited in 2010 EXPO of 
Shanghai. As customers have different needs, IEDA has developed and produced 
over 10 models of home plant factories. Figure shows “Plant growth box”: there are 
three layers independency growing space planting 50 leaf vegetables; there is 
independency seedling growing space, which support 70 seedlings planting. Types 
of leaf vegetables, fruits like the tomato, cucumber, color pepper, and types of 
mushroom can grow in the device. 
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Figure	  1-­‐	  7	  Plant	  growth	  box	  
 
 
1.4 Necessary of the study 
Many types of home plant factories have been developed. There are big family 
use size home plant factory and small single size mini plant factory. Some of them 
can raise fish inside (Figure 1-7 Mini plant factory with function of keeping fish); 
some of them can show time and humidity (Figure 1-6 mini plant factory with 
clock). But the reality is, few of them are sold on the market. Thanks to the unclear 
market situation, the plant factory companies are cautious on the market. Little 
market research on potential Chinese home plant factories customers has been 
conducted. Also the design of so many kinds of home plant factories is not been 
studied. As neither home plant factories’ target users nor their consumption 
preferences have been made clear, market segmentation must be carried out to 
determine them. Also, the design trends of recent home plant factories need to be 
studied. With knowing their demands, the relationship of market segmentation and 
design requirements should be clear for designers who is designing home plant 
factory for Chinese customers.  
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Figure	  1-­‐	  8	  Mini	  plant	  factory	  with	  clock	  
 
 
 
Figure	  1-­‐	  9	  Mini	  plant	  factory	  with	  function	  of	  keeping	  fish	  
 
 
1.5 The structure of this study 
This paper consists of five major chapters as follows: 
The next chapter is referring the application and development of plant factory 
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in Japan and China. The technology of plant factory in Japan is well developed. The 
study of Japanese plant factories can help the development of plant factory in 
China. 
In the third chapter, a market research is made by questionnaire analysis. As a 
start of research of plant factory in China, the evaluation and extraction of 
vegetables from plant factory was made for further analysis. 
The fourth chapter is a continual research of marketing research with two main 
objectives. First, this study defines the target users whose customer value might be 
compatible with home plant factories’ characteristics. Second, it classifies those 
target users in order to help designers understand their attributes and provide 
specific design directions for them. A questionnaire survey using a Likert scale was 
conducted on a sample of Chinese customers, whose values were identified by 
analyzing their attitudes to the home plant factory through factor analysis. The 
following five factors were extracted: “Quality of vegetables,” “Quality of life,” 
“Value added,” “Technology,” and “Extra consumption.” The respondents were 
categorized into four groups according to the factor scores: “Convenient life,’ 
“Economical life,” “Conservative life,” and “Healthy life.” The Convenient 
and Healthy life groups were thus determined to be home plant factories’ target 
users. Their attributes were then discussed and appropriate design directions 
suggested. 
In the fifth chapter, the home plant factories are gathered and the design trends 
are found as well as the products category using the Quantification Method Type 
Three. A questionnaire was made to gather the related information and data about 
the evaluation of home plant factories’ design. 
The sixth chapter is dealing the technology development for home plant 
factory. The technology is an improvement of conventional aeroponics and it 
cannot only help grow vegetables easily and quickly, but also requires less water 
and energy than conventional hydroponics. In the research，the UNPF (Ultrasonic 
Nebulizer Plant Factory) was compared with conventional hydroponics in the 
environment of indoor, and to discuss the technology application of the UNPF for 
the design of home plant factory. By taking comprehensive view of experiment 
result, we can see that the growth efficiency of vegetables in UNPF was better than 
conventional hydroponics. This technology brings innovative feature to plant 
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factory and inspiration for designers because the design of plant factory are no 
more limited by the tank in the bottom, theoretically UNPF can be designed with 
any performance, such as round, spiral and column. The new technique brings 
innovative feature to plant factory and inspiration for designers. 
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2. Evaluation and extraction of vegetables from plant 
factory 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1 Background and purpose 
A plant factory can produce vegetables about two to four times faster than is 
possible through typical outdoor cultivation. Instead of being planted in the ground, 
crops are grown in trays in multilayer cultivation shelves, with artificial lights 
installed above and nutrient solutions supplied directly to their roots. Currently, 
this technology has been applied in developed countries, such as Japan and the 
United States. There are three types of plant factories, one with complete artificial 
lighting in a totally-enclosed environment, another with combined use of solar and 
artificial lighting, and the other with solar lighting alone [2-1]. there is growing 
health consciousness and awareness of food safety in China, and it is projected 
that demand for high-quality, safe vegetables, such as those grown in plant 
factories, will increase in the future [2-2]. The Chinese market is expected to 
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experience future growth. However in China, this technology is still in the 
research and exploratory stage. [2-3]. Little market research on potential Chinese 
plant factory customers has been conducted. As neither plant factories’ target users 
nor their consumption preferences have been made clear, an evaluation and 
extraction of plant factory is necessary for knowing the Chines market situation. 
 
2.2 Research method 
A market research is made by questionnaire analysis. The questionnaire had 
two parts. The first extracted basic background information about the respondents,	  
such as their gender, household income, knowledge of plant factory, experience 
with growing vegetables at home, frequency of vegetable purchasing. The second 
part examined respondents’ attitudes to vegetables from plant factory using 
variables. There were 15 variables: safety, quality, fresh, health, deliciousness, 
color, shape, clean, value, advanced, environment friendly, modern agriculture, 
science technology, modern life, and reasonable production. These variables were 
chosen to assess respondents’ reactions to HPF after discussions with experienced 
designers. Respondents were shown explanatory text and an illustration as they 
were asked each question. A five-point Likert scale was used (with 1 to 5 
representing “Very bad,” “Bad,” “Neutral,” “Good,” and “Very good”) to evaluate 
the HPF variables [2-4]. 
Factor analysis was used for extracting the factors of vegetables’ evaluation 
variables. The respondents are separated into two groups and T test was used to 
compare their attitude to vegetables from plant factory. As a start of research of 
plant factory in China, the evaluation and extraction of vegetables from plant 
factory was used for the further analysis.  
 
2.3 Research period and research respondents  
 
A survey was conducted from August to October 2012 in the economically 
developed coastal areas of China, during which 240 questionnaires were 
distributed. The survey covered Beijing (37 subjects), Shanghai (39 subjects), 
Guangdong province (38 subjects), Jiangsu province (42 subjects), Shandong 
province (41 subjects), and Zhejiang province (43 subjects). Beijing and Shanghai 
are the most important cities in China. Guangdong, Jiangsu, Qingdao, and 
 20 
Zhejiang are China’s most developed provinces; their residents have high per 
capita incomes and, comprising the nation’s main consumer market, offer 
tremendous opportunities for enterprises. The survey was conducted in the cities’ 
streets in random order. After questionnaires with incomplete or apparently 
unserious answers were excluded, the sample yielded 212 usable questionnaires, 
for an 88.33% response rate.  
  
 
2.4 Result of questionnaire 
2.4.1 Basic information 
 
 
Figure	  2-­‐	  1	  Gender	  ratio	  of	  the	  respondents	  
 
 
	  
Figure	  2-­‐	  2	  Income	  distribution	  of	  the	  respondents	  
 
Of the respondents, 42.9% (91) were male and 57.1% (121) female; 22.6% 
had an annual household income of less than 40,000 RMB (about 652,000 yen), 
35.4% had between 40,000 and 80,000 RMB (about 652,000 to 1300,000 yen), 34% 
had between 80,000 and 200,000 RMB (about 1300,000 to 3260,000 yen), and 8% 
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had more than 200,000 RMB (3260,000 yen). 
 
 
Figure	  2-­‐	  3	  Know	  about	  plant	  factory	  
	  
      	  
Figure	  2-­‐	  4	  The	  experience	  of	  growing	  vegetables	  at	  home	  
 
Respondents were asked, “Do you know about the plant factory?” to which 
only 14.6% answered “Yes” (thus, 85.4% of respondents were unaware of the 
plant factory). More than a half of the respondents (51.9%) had experience of 
growing vegetables at home. Most respondents (39.2%) bought vegetables once a 
day, 28.8% bought vegetables once every two days, and 28.3% bought them once 
every three days or more.  
 
2.4.2 Attitude to plant factory vegetables  
It is found that the Chinese customers did not realize the value of plant factory. 
Setting mean 4 as a base line, there are two parts in the 15 variables, deliciousness, 
reasonable production, healthy, safety, quality, and value are under mean 4, which 
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means those information are doubted by people. On the other side, the mean of 
fresh, color, shape, clean, advanced, environment friendly, modern agriculture, 
science technology and modern life are more than 4, which means those 
information is accepted by people (Figure 2-5). 
Figure 2-6 reveals that the evaluation as a whole remains relatively well 
positioned. Especially the Shape, Color, Clean and Fresh those variables get high 
praise from the responders. That mean value the appearance of vegetables planted 
by plant factory has gained the approval from the Chinese customers. The 
technology factor is also highly recognized, as we can see, Modern	  agriculture and 
Science technology gain the best evaluation, with a great percentage of Good and 
Very good accounting more than 90%(92.5% and 92.0%). While the Healthy, 
Safety, Deliciousness and Reasonable production are doubted with a relatively low 
ratio of good and very good option. The deliciousness is an advantage of plant 
factory, but it is not surprised that most of the Chinese customers do not know 
about that, this indicates that they feel not sure about the way of production as we 
can see from the percentage of good and very good in the evaluation of 
Reasonable production. A substantial proportion of respondents feel worried about 
the “artificial vegetables” compared to the natural vegetables. 
 
 
 
Figure	  2-­‐	  5	  Evaluation	  of	  vegetables	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Figure	  2-­‐	  6	  Evaluation	  detailed	  of	  vegetables	  
 
 
 
2.5 Factor analysis 
Factors were extracted from the 15 variables through factor analysis, a 
dimensions declining method [2-5]. 
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Table	  2-­‐	  1	  KMO	  Test	  
 
 
 
Table 2-1 shows the KMO test before factor analysis.  
a.  Kaiser-Meyer-Olkin Measure of Sampling Adequacy - The examination 
of the Kaiser-Meyer Olkin measure of sampling adequacy suggested that the 
sample was factorable (KMO=.871).	   	  
b.  Bartlett's Test of Sphericity - This tests the null hypothesis that the 
correlation matrix is an identity matrix.  An identity matrix is matrix in which all 
of the diagonal elements are 1 and all off diagonal elements are 0. Taken together, 
the KMO is 0.871 and Sig. is 0, that means it is proper to conduct factor analysis.  
 
	  
Table	  2-­‐	  2	  Extraction	  of	  the	  variables	  
 
Table 2-2 shows Extraction of the 15 variables. With the extraction method of 
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Principal Component Analysis, 4 components are extracted.  
It might be difficult to interpret and name the four factors on the basis of their 
factor loadings. A solution for this difficulty is factor rotation. Factor rotation 
alters the pattern of the factor loadings, and hence can improve interpretation. By 
rotating these axes, then, it is possible to make clusters of variables load optimally, 
as is shown in the following table with rotation method of Varimax.  
Table 2-3 shows rotated factor analysis result., containing the rotation sum of 
squared loading which represents the distribution of the variance after the varimax 
rotation. The cumulative percentage of variance accounted for by the current and 
all preceding factors in which the fourth row shows a value of 68.552. Thus the 
four factors together account for 68.552% of the total variance. 
  In this factor analysis, four factors were extracted. These are the factors that 
we are most interested in and try to name related to vegetables from plant factory: 
The first factor is named Quality of vegetables factor because items like 
"healthy " “safety” “quality” “deliciousness” “fresh” and  “reasonable production” 
load highly on it. 
The second factor might be called Technology of plant factory factor because 
items like " science technology " “modern agriculture” " modern life " and 
“environment friendly” load highly on it.  
The “shape” “color” “clean” load highly on vegetables’ appearance so the 
third factor is named Appearance of vegetables factor.  
The fourth factor is named Extra value factor as “advanced” and “value” load 
on it. Hence the names of the four factors are suggested to be Quality of 
vegetables Factor, Technology of plant factory factor, Appearance of vegetables 
factor, and Extra value factor. These four factors can help to explain the attitude of 
Chinese customers to vegetables from plant factory clearly.  
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Table	  2-­‐	  3	  Rotated	  factor	  result	  
 
 
The evaluation was compared between two groups. A group is the 
respondents who would not buy vegetables from plant factory. B group is the 
respondents who would like to buy vegetables from plant factory. T test result is 
showed in the table. There are significant effect on the Quality of vegetables factor 
(p= .006) and Appearance of vegetables factor (P= .027). The respondents who 
would like to buy vegetables from plant factory value more on the two factors than 
those would not buy. This result indicates that Quality of vegetables factor and 
Appearance of vegetables are important factors for plant factory. High value to 
these two factors means high purchase intent to the vegetables from plant factory.  
Hence in order to promote the technology of plant factory, the vegetables’ 
advantages should be emphasized. Those advantages are values of plant factory 
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vegetables, like clean, delicious, attractive and so on. 
 
 
Table	  2-­‐	  4	  T	  test	  result	  comparing	  two	  groups	  
 
 
2.6 Conclusion 
This research studied about the attitude of vegetables from plant factory. The 
values of vegetables from plant factory have not been assured by the Chinese yet. 
Deliciousness, reasonable production, healthy and safety are not valued highly. 
The technology of plant factory is highly valued but the Technology of plant 
factory has little effect on purchase intent.  
Also from the investigation, it is clear that the Chinese customers concern 
more about the vegetables quality and appearance. People who would like to buy 
vegetables from plant factory valued Quality of vegetables factor and Appearance 
of vegetables factor more than those would not buy. Inviting customers to taste 
vegetables from plant factory is a good promotion. The quality of vegetables 
should be also emphasized during the promotion. A mini plant factory used at 
home is also good for promotion of the technology of plant factory. The research 
of home plant factory is necessary in the next step. 
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3. The extraction and segmentation of the home plant 
factory 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1 Introduction 
A plant factory is a facility that aids the steady production of high-quality 
vegetables year round by artificially controlling the cultivation environment (e.g., 
light, temperature, humidity, carbon dioxide concentration, and culture solution), 
allowing growers to plan production [3-1]. It can produce vegetables about two to 
four times faster than is possible through typical outdoor cultivation. Instead of 
being planted in the ground, crops are grown in trays in multilayer cultivation 
shelves, with artificial lights installed above and nutrient solutions supplied 
directly to their roots.  
The home plant factory (HPF) is small plant factory for home use. Currently, 
this technology has been applied in developed countries, such as Japan and the 
United States. In China, this technology is still in the research and exploratory 
stage. [3-2]. Little market research on potential Chinese HPF customers has been 
conducted. As neither HPFs’ target users nor their consumption preferences have 
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been made clear, market segmentation must be carried out to determine them. 
Market segmentation study is based on a customer value study. Customer value 
is a topic of keen and growing interest to managers and researchers [3-3]. It is 
identified as one of the top research agendas by marketing academics in the resent 
years.  
First of all, it is necessary to clear the concept of customer value. The 
“customer value” concept actually has two meanings. One meaning focuses on the 
value that a company can bring to the customer as a subjective evaluation from the 
company’s perspective. The other definition focuses on the value a customer can 
bring to the company as a subjective evaluation of the products and service 
supplied by the company from the customer’s perspective. The first define is also 
call the delivered value, which is equal to the difference between the total product 
value (TPV) and the total products cost (TPC).  
Total customer value means with every product, service or experience 
purchased, customers take away an overall customer value. He or she gets value 
from the product or service itself, but also from things like image and personnel. 
Total customer cost means besides cash, customers “pay” in a variety of ways. 
They spend their time, energy and that very real “hassle factor” with every 
exchange. It can be described by the formula, PV=TPV-TPC, customer would 
always pursue the maximize PV. Higher perceived value means company can 
charge higher prices. 
 
Figure	  3-­‐	  1	  Relationship	  of	  Designed	  value	  and	  Expected	  value	  
 
Figure 3-1 indicates the relationship between company intended value and 
customer desired value. A gap may occur when the company has insufficient 
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information about customer desires. In the business development period, a 
company has one technology without well knowing who desires the intended 
value. With the restraints in the company’s strategy, the company may focus on 
the wrong customer need.  
Driven by the realization that the optimal solution is that which offers value to 
customers, technology-based companies are increasingly selling “customer value” 
instead of products [3-4]. Technology-based companies must understand the 
potential value of their offerings and learn how to enhance it [3-5], which will 
allow them to appeal to customers based on a subjective evaluation [3-6]. Plant 
factory customers will not buy expensive vegetables only because of their security 
and safety [3-7], and plant factory vegetables do not have a strong market presence 
in China; moreover, few Chinese can afford them [3-8]. The HPF (Home Plant 
Factory) concept was intended to promote plant factory technology in China. 
Thanks to the unclear market situation, the plant factory companies are cautious 
on the market. Little market research on potential Chinese home plant factories 
customers has been conducted.  
This study uses customer value as a market segmentation principle and 
identifies Chinese target users by examining the attitudes of Chinese customers. 
 
 
3.2 Research method 
3.2.1 Questionnaire 
The questionnaire had three parts. The first extracted basic background 
information about the respondents including intention to purchase a HPF. The 
second part examined respondents’ attitudes to HPF using 17 variables: “Trust in 
safety,” “Health of vegetables,” “Quality of vegetables,” “Nutrition of vegetables,” 
“Buy less vegetables,” “Convenient life,” “Lifestyle will be better,” “Preference 
for home use,” “Value-added vegetables,” “Expensive,” “Modern life feeling,” 
“Environmental protection,” “High-tech product,” “Health investment,” 
“Advanced,” “Importance of plant variety,” and “Extra cost of seeding.” These 
variables were chosen to assess respondents’ reactions to HPF after discussions 
with experienced designers. Respondents were shown explanatory text and an 
illustration as they were asked each question. A five-point Likert scale was used 
(with 1 to 5 representing “Very bad,” “Bad,” “Neutral,” “Good,” and “Very good”) 
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to evaluate the HPF variables [3-9]. 
The third part examined respondents’ attitude when buying vegetables using 17 
variables: “Distance,” “Weight,” “Price,” “Health,” “Safety,” “Tasty,” “Variety,” 
“Nutrition”, “Cook easily,” “Cleanness,” “Origin,” “Packaging,” “Brand,” 
“Freshness,” “Word of Mouth,” “Trustiness,” and “Service”. A five-point Likert 
scale was used (with 1 to 5 representing “Strongly disagree,” “Disagree,” 
“Neutral,” “Agree,” and “Strongly agree”) to evaluate the HPF variables. 
 
 3.2.2 Data analysis method 
 
 
	  
Figure	  3-­‐	  2	  Structure	  of	  study 
 
First, factors were extracted from the 17 variables through factor analysis 
[3-10], a dimensions declining method. Then, based on the factor scores, the 212 
respondents were separated into groups through K-means cluster analysis. Third, a 
one-way ANOVA was used to compare among the groups and identify each 
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group’s attitude to HPF. Their relevant attributes were compared by factors 
extracted from attitude on buying vegetables. The corresponding values of the 
target users were determined by comparing among their attitudes to HPFs and 
buying vegetables. (Figure 3-2 Structure of study) 
 
3.3 Questionnaire result 
 
 
Figure	  3-­‐	  3	  Image	  of	  vegetables	  form	  plant	  factory	  
 
Of the respondents, 42.9% (91) were male and 57.1% (121) female; 
Respondents were asked, “Do you know about the plant factory?” to which only 
14.6% answered “Yes” (thus, 85.4% of respondents were unaware of the plant 
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factory).  
Regarding their intention to buy an HPF, 4.7% said they would definitely not 
buy one, 16.0% said they would not buy one, 45.8% were neutral, 26.9% said they 
would buy one, and 6.6% said they would definitely buy one.  
As Figure 3-3 shows, the respondents were most impressed by the HPF’s 
technology: 91.5% of respondents answered “Seems advanced,” 90.1% indicated 
“High-tech product,” and 87.8% indicated “Modern life feeling.” Those variables 
occupied the top three spots. As all the variables received positive reviews, the 
HPF was clearly perceived optimistically. 
 
3.4 Extraction of customer value attitude 
3.4.1 Result of factor analysis for HPF and cluster analysis 
 
Table	  3-­‐	  1	  KMO	  and	  Bartlett's	  Test	  
 
 
	  
Table	  3-­‐	  2	  Communalities	  of	  variences	  
 
A KMO and Bartlett’s test of sphericity were used to check the 
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case-to-variable ratio before the analysis was conducted (Table 3-1). The KMO 
was 0.827 and the Sig. 0.000, indicating a suitable factor analysis. Five 
components were extracted through principal component analysis. Varimax 
rotation was used to maximize the sum of the variances of the squared loadings. 
Table 3-2 and Table 3-3 show the factor analysis result after rotation. Five factors 
were extracted with factor contributions of 3.471, 2.877, 1.946, 1.793, and 1.533, 
together accounting for 68.349% of the total variance. These factors can thus be 
used to indicate the respondents’ attitudes to HPF.  
 
Table	  3-­‐	  3	  Rotated	  factor	  analysis	  result	  
 
 
 
3.4.2 Cluster analysis and attributes of groups 
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Figure	  3-­‐	  4	  Ratio	  of	  having	  experience	  of	  growing	  vegetables	  at	  home	  
	  
The respondents were separated into four groups (G1, G2, G3, and G4) 
through a K-means cluster.  
 
 
Figure	  3-­‐	  5	  Ratio	  of	  knowing	  about	  plant	  factory	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Figure	  3-­‐	  6	  Share	  of	  urban	  households	  by	  annual	  household	  income	  
	  
G1 comprised 76 respondents, of whom 56.8% were female and 41.9% had an 
annual household income of between 80,000 and 200,000 RMB, 34% higher than 
average (this group had the highest overall income) (Figure 3-7 Comparison of 
income).  
G2 comprised 23 respondents, of whom 65.2% were female and 39.1% had an 
annual household income of less than 40,000 RMB, 22.6% higher than average 
(thus, most had a low income) (Figure 3-7 Comparison of income). The ratio of 
knowing plant factory (4.3%) in this group is lower then the average level 14.6%. 
(Figure3-5 Ratio of knowing about plant factory) The respondents in this group 
are also lack of experiences of growing vegetables at home. The ratio of having 
experiences of growing vegetables is 43.5%, lower than the average level 51.9%. 
(Figure 3-4 Ratio of having experience of growing vegetables at home)  
G3 comprised 37 respondents, of whom 59.5% were male and 48.6% had an 
annual household income of between 40,000 and 80,000 RMB (this relatively low 
income level represented 35.4% of the total) (Figure 3-7 Comparison of income). 
Figure 3-4 shows that respondents in G3 also have more passion on growing 
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vegetables at home. The ratio of having experiences of growing vegetables at 
home is 67.6%, higher than the average level 51.9%.  
 
 
Figure	  3-­‐	  7	  Comparison	  of	  income	  
	  
G4 comprised 76 respondents, of whom 62.8% were female and 41.0% had an 
annual household income of between 80,000 and 200,000 RMB, 34% higher than 
the average; 11.5% of this group had an annual household income exceeding 
200,000 RMB (3260,000 yen), 8.0% higher than average and representing the 
highest income among the four groups. (Figure3-9) 19.2% of the respondents in 
this group knew about plant factory, higher than the average level 14.6%. 
Changes in economic profiles have been and will continue to be the most 
important trend shaping the consumer landscape. According to a report released in 
2012 by McKinsey Company, the Chinese are certainly getting richer fast: the 
per-household disposable income of urban consumers will double between 2010 
and 2020, from about $4,000 to about $8,000 [3-11]. Those relatively well-to-do 
households with annual disposable income of between $16,000 and $34,000 
(equivalent to 106,000 to 229,000 RMB) are named “Mainstream” consumers. 
Thus the occupation of Mainstream in G4 is the highest among the four groups. 
Right now the percentage of Mainstream is not high, while with the rapidly rising 
of the wealth consumers, they will account for 51 percent of the urban population 
by 2010. (Figure 3- 6 Share of urban households by annual household income) 
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The absolute level of wealth will remain quite low compared with that of 
consumers in developed countries. Yet this group will become the standard setters 
for consumption, capable of affording family cars and small luxury items. 
Companies will be able to respond by introducing better products to a vast group 
of new consumers, thus differentiating themselves from competitors and earning 
higher profits. Respondents in G4 are supposed to be target users of home plant 
factory. The result will be tested by the following analysis of purchase will among 
the four groups. 
 
 
Figure	  3-­‐	  8	  Purchase	  for	  home	  plant	  factory	  in	  G1	  
 
 
Figure	  3-­‐	  9	  Purchase	  for	  home	  plant	  factory	  in	  G2	  
 
29.7% respondents in G1 expressed their agreement to buy a home plant 
factory and 2.7% of them strongly agreed to buy home plant factory. Totally 32.4% 
of the respondents in G1 had intention to purchase a HPF (Figure 3-8).  
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Figure	  3-­‐	  10	  Purchase	  for	  home	  plant	  factory	  in	  G3	  
 
 
Figure	  3-­‐	  11	  Purchase	  for	  home	  plant	  factory	  in	  G4	  
	  
In G2, Only 4.3% of the respondents in G2 had intention to purchase a HPF, 
and none of them strongly agreed to buy (Figure 3-9). In G3, 24.3% of the 
respondents agreed to buy home plant factory, 5.4% of them strongly agreed to 
buy. Totally 29.7% of the respondents in G3 had intention to purchase a HPF. In 
G4, 32.1% of the respondents agreed to buy home plant factory and 12.8% had 
strong will to buy one (Figure 3-11). Together up to 44.9% of the respondents in 
G4 had intention to purchase a HPF. Thus respondents in G4 had the strongest 
purchase will among the four groups, then G1, and then G3. G2 had the weakest 
intention on buying a home plant factory. This result supported the prediction that 
G4 is the first target user of home plant factory.   
The comparison of all ages is showed in Figure 3-12. It indicates that in G1, 
the percentage of young people is lower than the other groups. Only 2.7% of the 
respondents are age 20-30 years. The average level is 7.5%. The percentage of 
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aged people in G1 is the highest (20.3%).  
The percentage of aged 50-60 years and 30-40 years in G4 is higher than the 
other groups. 40-50 years of respondents takes a low percentage compared with 
the other groups. 50-60 years old means a stable family and career or income. 
Usually they are believed to have less pressure than aged 40-50. 30-40 years 
means a start of both career and family. The fast-growing new middle class is 
believed to belong to them.  
In G3, the percentage of young people (20-30 years) is higher than other 
groups. 50-60 years and 30-40 years percentage of respondents are lowest among 
the four groups. People aged 40-50 and more than 60 years are also lower than the 
average level. G3 can be a representative group of young people.  
 
 
Figure	  3-­‐	  12	  Ages	  comparison	  
 
The percentage of young people in G2 is also higher than the average level. 
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But the percentage of 40-50 years old respondents (17.4%) is highest among the 
four groups. Those middle aged people aged 40-50 years old are believed to have 
the most pressure on both family and career.  
	  
	  
3.4.3 Discussion of factor analysis 
 
For the first factor, “Nutrition of vegetables,” “Quality of vegetables,” 
“Health of vegetables,” and “Trust in safety” all loaded highly. As these variables 
concerned vegetable quality, the first factor was named “Quality of vegetables.”  
The second factor was named “Quality of life” because items like “Preference 
for home use,” “Lifestyle will be better,” “Convenient life,” and “Buy less 
vegetables,” all reflecting quality of life issues, loaded highly on it.  
As “Environmental protection,” “Modern life feeling,” “Expensive,” and 
“Value-added vegetables” loaded highly on the HPF added-value issue, the third 
factor was named “Value added.”  
The fourth factor was named “Technology” because “Advanced” and 
“High-tech product” loaded on it. The fifth factor was extracted from “Health 
investment,” “Importance of plant variety,” and “Extra cost of seeding.” As those 
variables reflected respondents’ attitudes to the extra costs of HPFs (such as health 
investments and the costs of vegetables and seeds), the factor was named “Extra 
consumption.” The factor analysis thus extracted five factors: “Quality of 
vegetables,” “Quality of life,” “Value added,” “Technology,” and “Extra 
consumption.” 
 
3.4.4 Result of factor analysis for buying vegetables attitudes 
 
 
Table	  3-­‐	  4	  KMO	  and	  Bartleett's	  Test	  
 
 
The KMO was 0.811 and the Sig. 0.000, indicating a suitable factor analysis 
(Table 3-4). Five components were extracted through principal component 
analysis. Varimax rotation was used to maximize the sum of the variances of the 
 43 
squared loadings. 
Communalities of variables are showed in Table 3-5. Table 3-6 shows the 
rotated comment matrix with rotation method of Varimax. As we can see five 
factors were extracted.  These are the factors that we are most interested in and 
try to name related to the customers’ value in life style. 
There are five factors attracted: the first factor is called Vegetables quality 
factor because items like "Safety" “Freshness” “Health” and “Tasty” load highly 
on it. The second factor might be called "Image of vegetables factor" because 
items like " Word of mouth" “Packaging” "Brand" “Trustiness” “Origin” and 
“Service” load highly on it. The “Nutrition” “Cook easily” “Cleanness” load 
highly on vegetables’ special attribute so the third factor is named “Extra value 
factor”. The fourth factor is named “Environment factor” as “Distance” “Weight” 
and “Variety” load on it. The fifth factor is named “Price factor”. Thus the names 
of the five factors are suggested to be Quality of vegetables factor, Image of 
vegetables factor, Extra value factor, Environment factor and Price factor. The 
cumulative contribution is 66.652%. This means that the five factors together 
account for 66.652% of the total variance. Hence these five factors can be used to 
explain the attitude of Chinese customers to buying vegetables in daily life. 
Table	  3-­‐	  5	  Communalities	  of	  variables	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Table	  3-­‐	  6	  Rotated	  component	  Matrix	  
 
 
 
3.5 Market segmentation 
3.5.1 Compare means by One-way ANOVA 
 
After the subjects were divided into four groups through the K-means cluster 
analysis, the groups’ attitudes to the five factors were identified through a 
comparison performed with a one-way ANOVA. This analysis, an extension of the 
independent samples T-test, can be used to compare any number of groups or 
treatments.  
The ANOVA result, shown in Table 3-7, indicated statistically significant 
differences among the groups for Quality of vegetables (P< .001), Quality of life 
(P< .001), Value added (P< .001), and Extra consumption (P< .001). The groups 
displayed no significant differences concerning Technology (P> .05). 
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Table	  3-­‐	  7	  One-­‐Way	  ANOVA	  result	  for	  factors	  of	  HPF	  
 
 
 
Table 3-8 shows the result of the Tukey post hoc test, in which “A”, ”B,” and 
“C” were used to indicate the four factors’ priorities among the four groups. “A” 
represents the best; “B,” the second best; and “C,” the worst. For Quality of 
vegetables, G4 gave the highest evaluation; G2 and G3, the second highest; and 
G1, the third highest. For Quality of life, G gave the highest evaluation, and G2, 
G3, and G4 gave the second highest. For Value added, G2 gave the highest 
evaluation; G1 and G4, the second highest; and G3, the third highest. For Extra 
consumption, G4 and G1 gave the highest evaluations; G3, the second highest; and 
G2, the third highest.  
Thus, the respondents in G1 prized quality of life, those in G2 prized value 
added, those in G3 prized nothing in particular, and those in G4 prized quality of 
vegetables. These results will help designers understand the characteristics of 
HPF’s market segmentation. 
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Table	  3-­‐	  8	  Compare	  mean	  score	  of	  the	  five	  factors	  within	  rows	  
 
 
As the subjects were divided into four groups through the K-means cluster 
analysis, the groups’ attitudes to the five factors were identified through 
comparison.  
For G1, Quality of life got the highest evaluation. Quality of vegetables got 
the worst. For G2, Value added got the highest evaluation and Extra consumption 
the worst. For G3, they gave Quality of vegetables the best evaluation among the 
five factors and Value added got the worst. For G4, Quality of vegetables got the 
highest evaluation, Quality of life the worst.  
Thus, the respondents in G1 prized quality of life, those in G2 prized value 
added, those in G3 prized quality of vegetables, and those in G4 also prized health 
of vegetables. These results will help designers understand the characteristics of 
HPF’s market segmentation.  
The attitudes of the four groups on buying vegetables can help designers 
understand the attributes of the market precisely. As the five factors can explain 
the attitudes of customers when buying vegetables, different groups have different 
attitude when buying vegetables. One-way ANOVA was used to compare the 
attitudes on buying vegetables within the four groups. This comparison helped 
designer know more about the attributes of four groups. 
The four groups have significant different in three factors (Table 3-9 
Comparison of attitudes using One-way ANOVA): Vegetables quality factor, 
Extra value factor and Environment factor. The results of the Duncan post hoc test 
for the three factors are showed in the tables. These results verified the last 
ANOVA results. G4 and G1 value Vegetables quality most. "Safety" “Freshness” 
“Health” and “Tasty” are important customer value for them. G4 also value the 
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Extra value factor, which include “Nutrition” “Cook easily” “Cleanness”. G4, G1 
and G2 consider more on Environment factor than G3. Hence according to the 
differences of the four groups, the value of home plant factory can supply cater 
customer value of G4 most. The attributes of the four groups indicated a different 
possibility of buying home plant factory. 
 
	  
Table	  3-­‐	  9	  Comparison	  of	  attitude	  using	  One-­‐way	  ANOVA	  
 
 
 
3.5.2 Regression analysis for desire of buying HPF 
 
Respondents were asked about their desire to buy an HPF in order to fine the 
relationships between the five factors and the purchase will for a HPF. A simple 
linear regression analysis was used to test whether the five factors had a 
relationship to purchase intention.  
Table 3-10 shows the results of the simple linear regression analysis. The Sig. 
value of Technology was 0.696, and that of Value added was 0.095. As 0.05 (5%) 
is the commonly used cut-off value, we may omit these as interference results. The 
Sig. of Quality of vegetables, Quality of life, and Extra consumption was .000, 
confirming their positive impact on desire of buying HPFs. 
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Table	  3-­‐	  10	  Regression	  analysis	  result	  
 
 
3.6 Discussion 
This study was limited by its relatively small sample size.  China is so vast 
and its regions so diverse it should be treated almost as a collection of separate 
countries. China’s large population always makes quantitative research difficult, 
but only 212 questionnaires were collected from two big cities and four wealthy 
provinces in this study; designers should thus be cautious about its generalizability. 
Consumer needs could become so varied across China’s regions that local insight 
and strategic decision-making power will be vital. Qualitative research is still 
necessary before designing HPFs. 
  However, the results do provide designers with a rough direction. G1 
received an “A” for Quality of life and Extra consumption. When buying 
vegetables, they would consider on vegetables quality and environment. The 
design requirements for G1 should thus focus on quality of life factors: the HPF 
should be easy to use and provide a sufficient quantity of vegetables. As G1 
consumers want their HPFs to help them acquire a fast, convenient lifestyle, one 
option would be to provide HPFs that fit on dinner tables. We named G1 the 
“Convenient life group” because of its prioritization of lifestyle issues.  
G4 received “A” for Quality of vegetables and Extra consumption. Their 
focus was thus on vegetable quality: for them, health and nutrition should be a 
basic feature of the HPF. Besides, they consider more than other groups when 
buying vegetables. Their requirements on vegetables are stricter than other groups. 
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Thus, the design requirements for G4 should focus on providing larger sizes, a 
wide variety of vegetable species, and health services. We named G4 the “Healthy 
life group.”  
Also, people in G1 and G4 were identified as having a strong desire to buy an 
HPF. As these two groups also had the highest incomes among the four, G1 and 
G4 were confirmed as target HPF users.  
Users in G3 are middle level consumers: tending to conservatism, they would 
presumably be more likely to buy an HPF if their friends had one. The purchase 
intention is not as strong as G4 and G1. But there are still a percentage of 
respondents would like to buy home plant factory. We thus named G3 the 
“Conservative life group.”  
Though G2 comprises the lowest-income consumers among the four groups, 
they also care about their health and wish to pay less money to be healthier. Their 
most important design requirement is cost. We thus named this group the 
“Economical life group.”  
 
3.7 Conclusion 
Our research shows that only 22.6% of Chinese respondents knew about plant 
factories, all of whom rated HPFs highly. In particular, they saw advanced 
technique as one of HPFs’ attributes. 
  Analyzing the customers’ value attitudes allowed us to extract five factors: 
Quality of vegetables, Quality of life, Value added, Technology, and Extra 
consumption. The Chinese market can be categorized into four groups: G1 
(Convenient life), G2 (Economical life), G3 (Conservative life), and G4 (Healthy 
life). Respondents were impressed by HPF technology and considered it advanced. 
The Convenient life group, Healthy life group and Conservative life group were 
identified as HPF’s target users. Thus, HPFs should be designed according to the 
segmentation’s requirements and should reflect the attributes considered desirable. 
To that end, this study should help designers and marketers understand the 
Chinese HPF market and the characteristics of potential HPF users. 
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4. Design evaluations and requirements of home plant 
factories 
 
 
 
 
 
 
 
 
 
 
 
4.1 Background  
The home plant factory (HPF) is a device that helps people to plant vegetables 
at home [4-1]. It is an extension of the technology of plant factory [4-2]. 
Relatively little research was said about the design of home plant factory in China. 
In the last chapter, three target markets were confirmed. The design requirement 
should be discussed within the three market segmentations. Thus it is necessary to 
find all possible products they can buy and discuss the relationship between 
market and design. This part devotes to study on the existing HPF characteristics 
on the market of Japan, Taiwan and China main land. The varieties of 
characteristics available in each country and area can bring about a general view of 
HPF design awareness and other specific concerns. 
 
4.2 Methodology 
  This study consists of four main steps. Firstly, HPFs on the market were 
investigated through photographic samples. Secondly, the processing and analysis 
of the data derived from photographic samples by using the Quantification Theory 
 53 
Type III and Cluster Analysis. Thirdly the relationship between designs and 
market segmentation are discussed. Lastly, the design requirements of different 
segmentations are assumed. 
 
4.3 HPF Principle 
In general, home plant factory (HPF) is a device that helps people to plant 
vegetables at home. Essentially it is a kind of mini plant factory. Before the 
investigation, the principles were confirmed as follows, 
1. The size. The size should be suitable for home use. The mini plant factory 
products for hospital use and commercial use were not under investigation because 
the size is still too big for home use.    
2. Usage. Any plant factory products that designed for home use were included 
in the investigation. Some concept products were also selected if the physical 
achievability was insured. 
 
   
Figure	  4-­‐	  1	  Bean	  sprouts	  growing	  device	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3. Technology. The plant factory technique should make use of hydroponics or 
aeroponics. Using artificial light or not was not considered to be a standard 
because the plant factory is also divided into three kinds according to different 
light: artificial light only, artificial light combined sunlight, sunlight only. This 
principle allows some hydroponic sunlight produces to be objects in the research.  
4. Vegetables. The vegetable breeds should not be limited too much. There are 
many products for growing sprout only. In this research, those products were 
excluded because of the limitation of the vegetable breed. Those products cannot 
grow formal vegetables like lettuce or strawberry. The technique of those products 
is also different from a real plant factory. For example, the nutrition solution is not 
necessary, all they need is just water because they only grow sprouts. Thus “bean 
sprouts growing device” were not under investigation. (Figure 4-1) 
    
4.4 HPF Characteristics analysis 
4.4.1 Samples selection and description 
 
 
 
Figure	  4-­‐	  2	  Variables	  for	  describing	  HPF	  design	  
	  
40 samples were selected under the principle above. 29 variables were used to 
describe the design of HPF. They are Big size, Middle size, Small size, Cube, 
Oblong, Long, Tube, Vertical, Irregular, Slim, Normal, Thick, Curve, 
Straight line, Complex, Detachable, Immobilization, High capacity, Integration, 
Multifunction, Opening, Colorful, Transparency, Clean, Artificial light,
 Homely, Nature, High tech, High end, Subsidiary, Function and Modern. 
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Those variables were from the consideration of shape, thickness, line, structure, 
capacity, style, environment and feeling and they were discussing results from 
experienced designer according to the attributes of plant factories. 
 
4.4.2 Design category  
The parameters of two axes from Quantification type III analysis on 40 samples 
are illustrated. And Table 4-1 shows the result from this QT III analysis and 
cluster analysis.  
 
Table	  4-­‐	  1	  QT	  III	  analysis	  result	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Figure	  4-­‐	  3	  Category	  of	  variables	  
 
The accumulation contribution of the first two axes is 42.9%. Coefficient 
correlation value of axis 1 is 0.611, and axis 2 is 0.518. Thus the first two axis was 
used to make sample map.  
From the distribution of categories in graphs, the meaning of 2 main axes was 
read as follows: 
Axis 1 represents X axis (+): Immobile high capacity big size, X Axis (-): 
Mobile low capacity small size. 
Axis 2 represents Y axis (+): High-end modern type, Y axis (-): Low-end 
nature type.  
The result derived from cluster analysis can be concluded that, there are four 
main categories in the 29 variables (Figure 4-3). 
 
 
 
 
 57 
Figure 4-4 shows the 40 samples can be clustered into four groups by 
Quantification Theory Type III analysis result.    
 
	  
Figure	  4-­‐	  4	  Cluster	  of	  40	  samples	  
 
The result derived from cluster analysis can be concluded that there are four 
main typical designs on the market. A, B, C and D are used to represent the four 
groups temporarily (Figure 4-5).  
Group A is close to Y axis (+) (High-end modern type) and X axis (+) 
(Immobile high capacity big size), which indicates that the products in this group 
are high end and big. Group B is closest to Y axis (+) (High-end modern type) and 
X axis (-) (Mobile low capacity small size). The products in this group are not as 
big as Group A, but the design represents a high-end type. Group C is closest to X 
axis (-) and Y (-) (Mobile low capacity small size and Low-end nature type), the 
products in this group are small and not so high-end. Group D is near X axis (+) 
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(Immobile high capacity big size) and Y axis (-) (Low-end nature type). Products 
in this group are big but the design is weak. The details of the four typical designs 
will be discussed in the following part. 
	  
	  
	  
 
Figure	  4-­‐	  5	  Samples	  map	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Figure	  4-­‐	  6	  Group	  A	  samples	  
 
 
Samples of Group A are showed in Figure 4-6. The attributes of Group A are 
described as follows: Group A is near to Y axis (+) (High-end modern type). Most 
of the products in this group use the full technology of plant factory. The size is 
the biggest among the four groups. Normally they are put in kitchen or the living 
room. Those products provide high quantity of vegetables, which can support a 
whole family. The vegetables in these produces grow in an enclosed space. The 
color is as light as household appliances and they are suitable for home decoration. 
The quantity of vegetables is an attractive point for their users. Thus Group A is 
named “Household Vegetable Appliance HPF”. 
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Figure	  4-­‐	  7	  Group	  B	  samples	  
  
 
The attributes of Group B are described as follows: Group B is closest to Y axis 
(+) (High-end modern type) and X axis (-) (Mobile low capacity small size). 
Those kinds of HPFs represent high technology of plant factory. The size is 
middle size. Normally they are put in the living room. The vegetables in these 
produces grow in an enclosed or semi-enclosed space. The color is light in order to 
be suitable for home decoration. Growing vegetables seems not the only purpose 
for the users of these products. The other functions are also emphasized like 
education and decoration. Thus Group B is named “Life-Centered Middle Size 
HPF” (Figure 4-7) 
Group C includes the largest number of samples. The attributes of Group C are 
described as follows: Group C is closest to X axis (-) and Y (-) (Mobile low 
capacity small size and Low-end nature type). They usually use low technology of 
plant factory. The size is small size. The design and structure is simple, thus the 
cost is low. Some products even remove the artificial light. Those products are put 
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anywhere at home, like bedroom, kitchen and living room. The main function is 
home decoration. Users buy those products mainly for adding nature atmosphere 
at home. Those products are seems as primer home plant factories. Thus the name 
of Group C is suggested as “Entry-level type HPF” (Figure 4-8) 
 
 
 
Figure	  4-­‐	  8	  Samples	  of	  Group	  C	  
 
 
The attributes of Group D are described as follows: Group D is near X axis (+) 
(Immobile high capacity big size) and Y axis (-) (Low-end nature type). Their size 
is big but the design is simple. Those products remain too much industrial 
production mark. Production is the only function of these products. They also 
provide high quantity of vegetables like Group B. Those products try to make 
nature atmosphere for home but the shape always tend to raise contradiction to 
 62 
home decoration. Most products in this group are put at balcony or beside the 
window. Hence this group is named “Production type HPF” (Figure 4-9) 
 
Figure	  4-­‐	  9	  Samples	  of	  Group	  D	  
 
 
4.5 Consumer insight   
 
Figure	  4-­‐	  10	  Typical	  design	  for	  the	  groups	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As four groups (A, B, C, D) were made from cluster analysis, it is easy for us to 
get the typical designs in each group. In order to make evaluation precisely, three 
typical samples in each group were selected and a typical design was showed 
(Figure 4-10). One design representing area is also showed.  A survey was 
carried out to find the relationship between design and market.  The Internet 
based survey was lasted from 1st May 2014 to 15th May 2014 for 73 target users 
of HPF. The purchase will of the four types design were compared in the survey 
using Likert five-leveled scale. Size, shape, function, atmosphere, environment 
and feeling were asked for the evaluation. The respondents were selected from 
three groups of segmentations. 10 respondents were Convenient life group users, 7 
respondents were Healthy life group users and 56 respondents were Conservative 
life group users. Conservative life group took a larger proportion because most of 
them would like to use Internet everyday.  
 
4.5.1 Evaluation from Healthy life group users 
	  
	  
Figure	  4-­‐	  11	  Purchase	  will	  of	  Healthy	  life	  group	  
 
Figure 4-11 indicated that Healthy life group user would like to buy 
Household Vegetable Appliance HPF than other design types. The evaluation on 
Household Vegetable Appliance HPF was also better than the other three types 
designs (Figure 4-12).  
The obviously characters of Household Vegetable Appliance HPF are big size 
and decoration design. The quantity can support the whole big family. The product 
has three independent spaces inside. Multi spaces can help users to grow plenty of 
vegetables and various plants. Through reasonable arrangement, users can eat 
fresh vegetables everyday. It is fixed in the house as home use decoration. The 
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sample design is fixed in the wall like a window in the living room. Artificial light 
is used for both vegetables growth and lighting.  
Usually this design is a part of interior decoration. Because of the high cost 
and high production, its users are suitable to be the wealthy customers living with 
big family. Thus in the survey, G4, “Healthy life group,” like this design style 
better. They value quality of vegetables and extra consumption. Their focus was 
thus on vegetable quality: for them, health and nutrition should be a basic feature 
of the HPF. Besides, they consider more than other groups when buying 
vegetables. Their requirements on vegetables are stricter than other groups. Thus 
A type design is proved to be suitable for G4, who focus on providing larger sizes, 
a wide variety of vegetable species, and health services. 
 
	  
Figure	  4-­‐	  12	  Evaluation	  from	  Healthy	  life	  group	  
 
 
4.5.2 Evaluation from Convenient life group 
Figure 4-13 indicated that Convenient life group user would like to buy Life 
Centered Middle Size HPF than other design types. The evaluation on Life 
Centered Middle Size HPF was also better than the other three types designs 
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(Figure 4-14). 
The main characters of Life Centered Middle Size HPF design are: the 
vegetables grow in an enclosed space. The size is middle size. It can put flexibly at 
home, for example in living room or kitchen.  
 
 
Figure	  4-­‐	  13	  Purchase	  will	  of	  Convenient	  life	  group	  
 
 
Figure	  4-­‐	  14	  Evaluation	  from	  convenient	  life	  group	  
	  
As Convenient life group users would like to buy this type. The design target is 
proved to be G1, “Convenient life group”, who value the quality of life. The 
consumers in G1 want their HPFs to help them acquire a fast, convenient lifestyle, 
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they would consider on vegetables quality and environment when buying 
vegetables. B type design supplies the experience of growing vegetables. It also 
brings interest to people’ life. The quantity of vegetables is not high thus it is an 
assist of nutrition for everyday eating. Besides the function of growing vegetables, 
it is a tool to help parents interact with their children.  
 
4.5.3 Evaluation from Conservative life group 
 
	  
Figure	  4-­‐	  15	  Purchase	  will	  of	  Conservative	  life	  group	  
	  
 
	  
Figure	  4-­‐	  16	  Evaluation	  from	  Conservative	  life	  group	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Figure 4-15 showed the purchase will of Conservative life group. It indicated 
that Entry-level type HPF was more popular for Conservative life group users. 
Also they valued Entry-level type HPF better than other types (Figure 4-16). 
The obviously characters of Group C, “Entry-level type HPF” are small size 
and low cost. The main function is not for eating but for fun. Like the other 
products, not only vegetables but also the other plants can grow in the device. 
Usually it is put on the desk or table. The cost is low thus most of the people can 
afford it. This design aims primarily at beginners of home plant factory. The target 
users are proved to be Conservative life group, who are young customers with less 
income but interest in planting.  
The young people (20-30 years old) in G3“Conservative life group,” occupied a 
highest percentage compared with the other groups. The purpose of using home 
plant factory is for fun. Thus they would like to buy C type design.  
The result also indicated that the design of group D, “Production type HPF” 
was not popular by all segmentations. Most of the products we can buy in Chinese 
market is this type. The obviously characters are low cost and high production in 
this type design. The simplest structure is used and the main function of growing 
vegetable is emphasized. Production type HPF is already sold in Chinese market. 
The price ranges from a few hundred to many thousands. Most of the products are 
made by some pipes and pump. The rough design stopped the passion of the users. 
Few customers show interest in this type product. The low evaluation from users 
explained the reason that such kinds of HPF products on Chinese market are not 
well sold. As the other three types with well design and clear market segmentation, 
few of them appear in Chinese market, they may be a possible market for Chinese 
customers. 
 
4.6 Relationship between design types and market segmentation 
Figure 4-17 shows the relationship between design types and market 
segmentation. It indicates the target users for each design style.  
The target user of Life-Centered Middle Size HPF is Convenient life group, 
their users may be new couple or young family with child. The product could be 
family ties and supply them a new life style. For example they may have interest 
in parents-child interaction. Life-centered middle size HPF is well valued by them. 
Household Vegetables Appliance HPF’ target user is Healthy life group.	  Health 
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life group represents wealthy users. They have a high requirement on vegetables 
quality, their income is high thus they can afford a bigger HPF. Household 
Vegetables Appliance HPF is suitable for them thus they valued this type than 
other designs. Entry-level type HPF is suitable for Conservative life group. 
Conservative life group has more experience in growing. They like growing and 
enjoy the fun of growing vegetables. Their income is not high thus the low cost 
Entry-level type HPF is assumed to be suitable for them. 
 
 
Figure	  4-­‐	  17	  Relationship	  between	  design	  and	  market	  
 
 
4.7 Design requirements for three types HPF 
According to the design category result in this chapter, the design requirement 
with technology and market requirement are discussed and showed in Table 4-2. 
These requirements could help designers to design HPF for Chinese customers.  
For Convenient life group users, they asked for middle production, middle cost 
to purchase, multifunction like education, they would put it in kitchen, living room 
or on the table. Designer could follow the requirements like Middle size, Cube, 
Modern style, Straight line, Homely, Integration, Transparent and Moveable. For 
Healthy life group, they like high production for the big family, the other plants 
like mushroom are also popular, and it is put in kitchen or living room. Designers 
could follow the requirements like Big size, High-end, High tech, Modern style, 
Homely, Integration, Transparent and Immobilization.  
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Table	  4-­‐	  2	  Design	  requirements	  of	  three	  types	  HPF	  
 
 
For the users from Conservative life group, the designer should consider about 
the following attributes: Small size, Colorful, Irregular, Curve, Opening, 
Detachable and Moveable. As Small size, Irregulat and curve are required and 
there comes some problems for applying the conventional hydroponics technology 
on this type design because of the limitation of the hydroponics. Thus a new 
technology is necessary to support the practicality of design requirements. The 
new suitable technology will be studied in the following chapter.  
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5. Study of new technology supporting design of home use 
plant factory 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.1 Introduction 
Recently the Chinese urban people show interest in growing vegetables at home 
[5-1]. But there are a lot of problems to grow vegetables. For example, there is no 
enough space in apartments and it is difficult to keep plants alive. Hence a new 
kind of product that can realize the planting at home is necessary. This kind of 
product was named Home Plant Factory. Plant Factory with the application of 
combined solar and artificial light can make it possible to harvest vegetables at 
home all around the year.  
As the design requirements were clear, designer could use the guideline to 
make design for Chinese users. According to the requirements in the study, the 
technology of hydroponics is suitable for the life centered middle size HPF and 
Household Vegetable Appliance HPF, both of the two type could use the 
technology from a real plant factory, which is a method of growing plant using 
mineral nutrient solution without soil.  
But for the small size users, the hydroponics maybe not suitable. As a 
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representative technology of plant factory, hydroponics makes use of nutrition 
solution, air pump, fan and LED to help people grow vegetables at home. But this 
kind of technology has some limitations for home use. Firstly, it requires a large 
amount of water and energy. Secondly, the absorption efficiency of water and 
mineral elements in in nutrition solution is also limited by dissolved oxygen [5-2]. 
Also most of the hydroponics products are box shape, the boring design may stop 
their passion of buying. The users grow vegetables for fun, but planting a seed one 
by one would bring too much trouble to them. They would like to put this small 
HPF on the desk and the loud noise would bother their life. Thus a new technology 
is required, which cannot only grow vegetables quickly and well like hydroponics, 
but also easy for seeding, less noise and support more design shapes. Compared 
with hydroponics, the new technology could help to grow vegetables easily and 
quickly by using less water and energy.  
 
 
 
Figure	  5-­‐	  1	  Roots	  grow	  in	  the	  air	  in	  aeroponics	  
    
The application of aeroponics technology can help to solve the problems. The 
word "aeroponic" is derived from the Greek meanings of aero- (air) and ponos 
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(labour). Aeroponics culture is a technique for growing plants where roots are 
suspended and bathed a nutrient mist rather than in nutrient solution or in solid 
media [5-3]. As Figure 5-1 shows, roots grow in the air instead of nutrition 
solution. It is the process of growing plants in an air or mist environment without 
the use of soil or an aggregate medium. This technique has vast exertion prospect 
and development space [5-4]. An aeroponics system was developed at the Cabot 
Foundation Laboratories during 1973-1974 as a method for studying root nodules 
on peas [5-5]. Carter utilized a continuous misting system and recycled the 
nutrient solution to observe the root growth [5-6]. Shtrausberg (1969) [5-7] and 
Nir (1982) [5-8] researched the concept of intermittent misting and showed that a 
number of plant species can be grown successfully on a misting schedule of 10 to 
15s every 7 to 8 min rather than continuous misting. 
The basic principle of aeroponic growing is to grow plants suspended in a 
closed or semi-closed environment by spraying the plant's dangling roots and 
lower stem with an atomized or sprayed, nutrient-rich water solution (Figure 5-2). 
The roots of the plants are separated by the plant support structure. Due to the 
sensitivity of the root system, this kind of planting technology is often combined 
with conventional hydroponics for backup the nutrition and water supply.  
Aeroponics is believed to be an effective and efficient method of growing 
plants. Plants grown using aeroponics spend 99.98% of their time in air and 0.02% 
in direct contact with hydro-atomized nutrient solution. The time spent without 
water allows the roots to capture oxygen more efficiently. Furthermore, the 
hydro-atomized mist also significantly contributes to the effective oxygenation of 
the roots. What’s more, the design of an aeroponic system allows ease of working 
with the plants. This results from the separation of the plants from each other, and 
the fact that the plants are suspended in air and the roots are not entrapped in any 
kind of matrix. Consequently, the harvesting of individual plants is quite simple 
and straightforward. Likewise, removal of any plant that may be infected with 
some type of pathogen is easily accomplished without risk of uprooting or 
contaminating nearby plants. 
As one of soil-free growing techniques, aeroponics was once researched by 
NASA in order to grow plants in space. In 1997, AgriHouse, Inc. (d.b.a. 
Aeroponics International) united with NASA and BioServe Space Technologies to 
design a soil-less plant-growth experiment to be performed in microgravity. Stoner 
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(1999) [5-9] developed an inflatable low-mass aeroponics system for space and 
earth for high performance food production. The inflatable nature of innovation 
makes it lightweight, allowing it to be deflated so it takes up less volume during 
transportation and storage. This soil-free growing technique improved method for 
starting a crop. According to AgriHouse, growers choosing to employ the 
aeroponics method can reduce water usage by 98 percent, fertilizer usage by 60 
percent, and pesticide usage by 100 percent, all while maximizing their crop yields 
by 45 to 75 percent [5-10]. In Japan, Kewpie Company improved aeroponics. The 
device was named TS Farm because it combined Triangle Panel and Spray Culture 
together [5-11]. The utilization ratio of land is raised by triangle panel design. 
 
 
 
Figure	  5-­‐	  2	  Sample	  of	  Aeroponics	  
 
  Aeroponics utilized spray nozzles or spinning disks and this caused a 
problem that the solid impurities in nutrition solution may block the nozzles and 
therefore have influence on the quality of the spray (Figure 5-3). The introduction 
of ultrasonic techniques solved this problem. Commercial implementations of 
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ultrasonic aeroponics promise to be far less energy and manpower intensive than 
any other method of plant culture. Lettuce, corn, tomato, soybean, dry bean, and 
geraniums have all been cultured with this method [5-12].  
Ultrasonic nebulizer produces vibrations that turn nutrient solution into a 
fog-like cloud. The roots are able to absorb more oxygen and nutrients that plants 
need for growth. This system does not require using the tank below plants to 
support their growth. That simplifies the design of home plant factory. The similar 
system developed by Honda Electronic Company improved the growth efficiency 
of vegetables than hydroponics [5-13]. 
 
 
 
Figure	  5-­‐	  3	  Spray	  nozzles	  are	  used	  in	  aeroponics	  
 
At present, the ultrasonic technology is used for industrial growing of 
vegetables, but not applied for the home use. Also not a lot of researches were 
done about the ultrasonic nebulizer plant factory. Figure 5-4 shows the 
relationship of hydroponics, aeroponics and ultrasonic nebulizer plant factory 
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(UNPF). Floating capillary hydroponics is a typical technique of hydroponics 
while UNPF is a new technique of aeroponics. This research compared the 
application of UNPF with conventional hydroponics (Floating Capillary 
Hydroponics) in the environment of indoor. Additionally, the technology 
application of the UNPF for the design of home plant factory was discussed. In the 
end a new design was proposed according to the results of experiment. This paper 
can supply technology support for small type home use plant factory. 
 
      
Figure	  5-­‐	  4Relationship	  of	  Hydroponics	  and	  Aeroponics	  
 
 
5.2 Methodology 
Two experiments were carried to compare the new technology and conversional 
technology. The first experiment started from seedlings, and the environment was 
controlled to be the same. The fresh weight of shoot and root, leaf number, longest 
leaf length, dry weight of shoot and root, CHI, dry weight shoot/root were 
compared by T test. The second experiment used a new material for the growth of 
plant in order to find a new way of growing plants easily. 
 
5.3 Description of equipment 
5.3.1 UNPF design 
 
The control group uses the technology of Floating Capillary Hydroponics 
(FCH), a conventional technology of hydroponic. The container uses the same pot 
as ultrasonic nebulizer plant factory use. Air pump is used to conduct air into 
nutrient solution. 
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Figure	  5-­‐	  5	  Design	  of	  control	  group	  
 
Plants are planted in the sponge and they are fixed in support frame with grid 
shape. Nutrient solution is up to the sponge to make sure the sponge is always wet 
(Figure 5-5 Design of control group). 
 
 
Figure	  5-­‐	  6	  Design	  of	  UNPF	  
 
There are two parts in UNPF: growth area and base area.  Base area includes 
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ultrasonic nebulizer, fan and nutrition solution. Growth area consists of plant 
support frame with grid shape, water absorbing material and fluorescent light. 
Nebulizer produced the nutrition solution mist. Fan can bring the mist to the plant 
root with fresh air. The roots grow in a dark environment and absorb the nutrition 
and water from mist directly (Figure 5-6). In this process, the extra nutrition 
solution will flew back and water-circulation will be realized. Using 
water-circulation, this device needs less nutrition solution compared to 
hydroponics. 
 
5.3.2 Experiment preparation  
 
 
Figure	  5-­‐	  7	  The	  same	  seedling	  were	  selected	  
	  
UNPF devices were named Group A and hydroponics plant factory devices 
were chosen to be the control group and named Group B. There were three 
replications. Control group used the conventional technology of hydroponics. The 
devices in both groups used the same size pot and the pot size was 220×170×
200mm.  
For the first experiment, Six Romaine lettuce seedlings were put in each box, 
and there were three boxes in each group, 36 seedlings with same quality were 
selected and used for the experiment (Figure 5-7). The roots should grow in dark 
environment, thus the boxes were wrapped with aluminum foil to keep a dark 
 79 
room for roots.  
Both groups were put in a chamber, with the same lighting condition, same 
temperature (22℃) and same humidity (50%) (Figure 5-8). For control group, 
4.5L nutrition solution was used in each box in control group and 750ml nutrition 
solution was used in each box in UNPF group. Both of the groups used the same 
concentration of nutrition solution, 200 times diluted standard hydroponics 
nutrient produced by Otsuka Agri Technology Company. The nutrition solution 
component is: entire quantity of nitrogen (1.3%) within nitrate nitrogen (1.2%), 
water soluble phosphoric (0.6%), water soluble potassium (1.9%), water soluble 
magnesium (0.32%), water soluble manganese (0.008%) and water soluble boron 
(0.008%).  
 
 
Figure	  5-­‐	  8	  The	  same	  environment	  in	  chamber	  
 
For the second experiment, ten baby rocket seeds (provided by Tohoku Seed 
Company), ten potherb mustard seeds (provided by Takii Seed Company) and ten 
lettuce seeds (provided by Tohoku Seed Company) were put in each of the pots 
randomly. There were 30 seeds in total in each pot. These three kinds of 
vegetables were selected because they are easy to grow and they are popular 
vegetables in China. During the first two days, new seeds substituted the bad seeds 
that did not sprout.  
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5.3.3 Experiment operation 
The first experiment lasted for 7 days. After 7days growing, the plants were 
gathered and the comparison was observed. The shoot and root were separated and 
put in oven for 96 hours in a temperature of 75℃ for collecting dry weight of 
shoot and root. In the experiment, the data of fresh shoot, fresh root, longest leaf, 
leaf number, dry weight of shoot, dry weight of root, CHI and dry weight of 
shoot/root were measured. T-test was used to test for significant differences in 
treatment. Data from the experimental treatment was compared with the control 
treatment at P<0.05. 
The second experiment grew plants for 32 days. A new way of growing plants 
was tested, also the environment effect was observed.  
 
5.4 Result of the first experiment  
 
Figure	  5-­‐	  9	  Roots	  grew	  well	  in	  UNPF	  group	  
 
Firstly, the roots grew well in UNPF group (Figure 5-9). Root development in 
UNPF system was supposed to be good because of the less weakening of growth. 
The assume will be proved by the analysis. The shoot part in UNPF group also 
grew better than Control group (Figure 5-10). For the comparison, shoot weight, 
root weight (with sponge), CHI content by SPAD, root length, leaf number and 
leaf length were measured before drying. Shoot dry weight, root dry weight and 
shoot/root ratio were measured after dry.  
Table 5-1 indicates that there are significant differences between two groups in 
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Shoot weight (p= .021), Root length (p= .000), Leaf number (p= .000) and Leaf 
length (p= .012). No significant differences were found in Root weight (p= .258) 
and CHI (p= .957). Table 4-7 shows the T test result after drying treatment. Two 
groups have significant difference in Shoot dry weight and Root dry weight. The 
mean value of Shoot / root ratio in UNPF was bigger than Control group, but there 
is no significant difference.  
 
Figure	  5-­‐	  10	  Both	  shoot	  and	  root	  grew	  well	  in	  UNPF	  
 
Table	  5-­‐	  1	  T	  test	  result	  of	  fresh	  shoot	  and	  root	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Table 5-1 shows the shoot measurement of the two groups. The average of 
UNPF and control group shoot weight is 0.509g and 0.385g. The mean value of 
Shoot dry weight of HPF is 2.862 (Envelope included), better than control group, 
2.775 (Envelop included). The average of leaf number and longest leaf length of 
UNPF is also better than control group. P value indicates that shoot part of 
Romaine Lettuce grew better in UNPF than control group. Especially in Shoot dry 
weight and Leaf number. The P value is less than 0.01 (Figure 5-11). 
 
Table	  5-­‐	  2	  T	  test	  result	  of	  dry	  shoot,	  root	  and	  Shoot/root	  ratio	  
 
 
 
 
Figure	  5-­‐	  11	  Shoot	  comparison	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Figure	  5-­‐	  12	  Root	  comparison	  
	  
The mean value of Root dry weight in UNPF and control group is 3.070 and 
3.008 showed in Table 5-2. The average of longest root length in two groups is 
7.983cm and 3.812cm. The result shows than the growth of root part in UNPF and 
control group has a remarkable difference (p< .01) (Figure 5-12). 
By comparing Shoot/root ratio (Dry weight), no difference was found between 
two groups. The Shoot/root ratio of UNPF is a little bigger than control. This 
result indicates that the growth of root in UNPF had less negative effects on 
growth of shoot. Figure 5-13 also indicates that CHI content by SPAD has little 
difference between two groups. 
 
Figure	  5-­‐	  13	  CHI	  and	  Shoot/root	  ration	  comparison	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In this experiment, the actual usage of nutrient solution between two groups 
was also different. The total usage of UNPF group was 2,350ml, and the average 
usage was 783ml for one box. The total usage of control group was 14,000ml, and 
the average usage was 4,667ml, almost six times of UNPF used. Obviously 
another advantage of UNPF is saving water and nutrient solution, which is an 
important point for home use. 
The result shows that UNPF used less water and nutrient solution grew 
Romaine Lettuce better and faster.   
 
5.5 Result of the second experiment 
 
 
Figure	  5-­‐	  14	  Structure	  of	  UNPF	  
	  
Seeds are put on the water-absorbing material on the support. The sprouted 
seeds were placed on the water-absorbing material and moisturized by nutrient 
mist in UNPF. Figure 5-14 shows the roots growing through the water-absorbing 
material. In the experiment different materials were used, the cotton was proved to 
be a good material to keep mist for plants and support their roots when they 
became bigger and heavier.  
The second experiment tested cotton as a new material to support the plant 
growth. Growing seeds one by one on sponge would bring too much trouble for 
users. Thus cotton was used to support the growth of plants in the group A, UNPF 
group (Figure 5-15). By observation, plants in both groups grew well (Figure 
5-16). The germination rate of Lettuce and Potherb mustard were 100% in the both 
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groups, the germination rate of Baby rocket was 97% in Group A and 93% in 
Group B. 0.6L nutrient solution was poured into each pot in Group A and 2.8L 
nutrient solution was poured into each pot in Group B. After the first week, 0.6L 
nutrient solution was used for each pot in Group A twice a week and 2.8L nutrient 
solution was used for each pot in Group B once a week. The total amount of used 
nutrient solution in each pot was 5.4L in Group A and 14L in Group B. Thus 
UNPF uses less nutrient solution than conventional technology in this experiment. 
 
 
Figure	  5-­‐	  15	  Cotton	  used	  in	  UNPF	  and	  sponge	  used	  in	  control	  group	  
	  
	  
 Figure 5-17 indicated that UNPF also left less waste than the control group. 
The noise in UNPF was also lower than control group because UNPF used 
ultrasonic nebulizer while control group used air pump. Air pump produced more 
noise than a nebulizer. 
The result shows that UNPF left less waste to grow plants with less noise. A 
new convenient way of growing was possible for UNPF. This attributes shows that 
UNPF is a suitable technology for small size home use plant factory. 
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Figure	  5-­‐	  16	  Vegetables	  grew	  well	  in	  both	  groups	  
	  
	  
 
Figure	  5-­‐	  17	  UNPF	  group	  left	  less	  waste	  
	  
 
5.6 limitations 
The limitations were acknowledged in this experiment. The main purpose of 
the two experiments was to compare the growth in two technologies and test the 
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possibility of growing vegetables by a new method. The quality of vegetables was 
not measured in the both experiments. In the small size space, vegetables in UNPF 
grew faster than conventional hydroponics technology and it did not indicate that 
vegetables in UNPF were more nutritious. 
This study was limited to the measurement contents. The quality of vegetables 
was not compared between the two groups. The next step of the research should 
concern about the nutritional components comparison. Designers should be 
cautious about the application of UNPF. 
 
5.7 Design inspiration 
Most of the home plant factory products use floating capillary hydroponics 
technique, which is a conventional hydroponics (Figure 5-18). UNPF is showed in 
Figure 5-19.  
Figure 5-18 shows reservoir, air pump, pipe, timer and light are basic 
components in a conventional hydroponics. Figure 5-19 shows UNPF with a 
simplest structure, including the basic components of reservoir, ultrasonic 
nebulizer, timer and light.   
 
 
Figure	  5-­‐	  18	  Structure	  of	  conventional	  hydroponics	  
 
Compared to spay culture type aeroponics, conventional hydroponics and 
UNPF have an advantage of simple structure. For example, installation of UNPF is 
cheaper because irrigation deliver lines are no longer required to deliver nutrients 
to the plant root while the conventional aeroponics needs more devices like pipes 
and nozzles. In order to prevent the nozzles being clogged by impurities, the 
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nozzles also need to be cleaned regularly, which brings extra usage costs. 
 
Figure	  5-­‐	  19	  Structure	  of	  UNPF	  
 
According to the result of the experiment in this research, plants in UNPF have 
a better growth than conventional hydroponics. The superiority of UNPF system is 
most likely related to the production of a finer mist. This technique speeds growth 
significantly and it also assists with nutrient absorption.  
 
 
Figure	  5-­‐	  20	  Design	  style	  of	  home	  plant	  factory	  
 
Furthermore, in both China and Japan market, most of the design home plant 
factories have a shape of box because the hydroponics is a popular technology for 
plant factory (Figure 5-20). This situation brings problems and limits for designers 
if they want to make some innovations on the shape or function of the plant 
 89 
factory while UNPF can solve this problem.  Although it is possible to design 
more attractive appearances by using hydroponics, UNPF supplies designers with 
new possibilities without considering the limitation of tank in hydroponics. As 
figure 5-19 illustrates, the plant roots are growing in a space full of mist instead of 
water in hydroponics, thus the design of plant factory are no more limited by the 
tank in the bottom, and theoretically UNPF can be designed with more shapes, 
such as round, spiral and column. UNPF brings innovative feature to plant factory 
and inspiration for designers. Also there is high value-added and high growth 
efficiency in it, thus the technology of UNPF brings a good direction for the 
designers of home plant factory.  
 
Figure	  5-­‐	  21	  Possible	  design	  of	  UNPF	  
	  
Thus UNPF supplies designers with more new possibilities. A small size HPF 
could be designed by more performances (Figure 5-21). It could grow more plants 
within less space. More designs would appear using UNPF technology, but what 
do customers think about this kind of design? Will they like designs using UNPF? 
In order to verify the customer attitude, an extra investigation was carried out. 
 
5.8 Evaluation on HPF design 
5.8.1 Evaluation questionnaire 
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The hydroponic plant factory is proved to be good at big size plant factory. 
Thus it is suitable to be applied in Life-Centered Middle Size HPF and Household 
Vegetable Appliance HPF. Actually most of the home plant factories make use of 
this conventional technology. As the experiment in chapter 4 showed, the UNPF 
technology is better than conventional hydroponics in small size. Thus this 
technology is just suitable in Entry-level type HPF, moreover, the flexible design 
attribute of UNPF also brings convenience for designers.  
 
 
Figure	  5-­‐	  22	  Design	  samples	  using	  UNPF	  and	  Hydroponics	  
	  
Among the three markets, Conservative life group is supposed to be the target 
user of Entry-level type HPF. Small cost and small size are the attributes of this 
type design. Although UNPF was proved to be good for small size plant factory, 
the attitude to the new technology applied design was not clear. One potential test 
of consumer acceptance was carried to compare designs using two technologies 
separately. Four designs were showed to the respondents (Figure 5-22). Sample a, 
b represent the application of Ultrasonic Nebulizer Plant Factory technology. 
Sample c, d represents the application of conversional plant factory technology. 
The design of a and b follows the following design requirement: Small size, 
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colorful, irregular, Curve, Opening, Detachable and Moveable. They make use of 
artificial light and UNPF technology. The sample c and d design refer to the 
conventional small home plant factories. 
The survey started from 12th June to 21st June 2014 on Internet. There were 69 
questionnaires distributed for the target users of Entry-level type HPF. 
 Six variances, Shape, Style, Color, Structure, Atmosphere and Buying 
intention, were asked to evaluate the designs. Those variances were form the 
variables used for evaluating home plant factories. A five-point Likert scale was 
used with 1 to 5 representing “Very bad,” “Bad,” “Neutral,” “Good,” and “Very 
good”.  
 
5.8.2 Result of evaluation 
 
 
 
Figure	  5-­‐	  23	  Buying	  intention	  comparison	  
 
Figure 5-23 shows the mean value of buying intention. Sample b got the 
highest buying intention compared with the other samples. Sample b belongs to 
UNPF applied design and the UNPF applied design is more popular than 
Conventional design by preliminary inspection. As a and b represent small size 
HPF using UNPF technology, c and d represent small size HPF without using 
UNPF technology, the next analysis will two groups which are group ab using 
UNPF and group cd without using UNPF. 
 Table 5-3 shows the T test result of the variables. P value of Shape is .001, 
Style, Color and Atmosphere are all .000. P value of Structure is .054. The result 
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indicates that UNPF applied design is higher valued than Conventional design. 
That means UNPF applied design is more popular than the Conventional design in 
the factors of Shape, Style, Color and Atmosphere.  
	  
Table	  5-­‐	  3	  T	  test	  result	  for	  UNPF	  applied	  design	  and	  Conventional	  design
	  
	  
The evaluation is clearly showed in Figure 5-24. The design style in sample a 
and sample b was better evaluated than sample c and sample d, the atmosphere 
created by and b were also better than c and d. Sample a showed a colorful design, 
sample b showed a wooden color, sample c and d used white color as most of the 
conventional product do, as a result, colorful design was better valued than 
conventional white design. The structure evaluation shows no difference, 
respondents liked sample b shape most. It indicates that target users accepted the 
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design requirements of Entry-level type HPF. Using UNPF technology, 
Entry-level type HPF designs are more popular by the Conservative life group 
users. 
 
 
Figure	  5-­‐	  24	  Evaluation	  of	  design	  samples	  
 
 
5.9 Improvement of UNPF 
  UNPF is a new solution for small size home plant factories, but the problem 
in this technology is that plants wilt quickly if the power goes down [5-14]. Also 
the nebulizer should not be in service all the time. To solve this problem, a new 
kind of UNPF was designed as figure 5-25 shows, the pot keeps small amount of 
nutrition solution in the bottom. The improved technology combines two 
technologies: aeroponics and hydroponics. It should work as steadily as 
hydroponics and grow vegetables as fast as aeroponics. The fan will be set on the 
side of the plants to supply wind and CO2. Using this design, in case the power 
goes down, the plants temporarily absorb water and nutrition from the bottom. 
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Because there is only a little liquid nutrition solution inside, the design is still not 
limited within boxes.  
 
 
Figure	  5-­‐	  25	  Improvement	  of	  UNPF	  
 
5.10 Discussion 
  The experiment result showed that plants grew well in small size UNPF plant 
factory. Our finding indicates that UNPF is an efficient growing system. The 
results support the opinion of Carruthers [5-15], that plant growth was far superior 
using the ultrasonic nebulizer system, than conventional spray nozzle or atomizing 
disc systems. A new method of growing plants was proved to be possible for 
UNPF. Compared with conversional hydroponics, UNPF in small size design has 
many advantages. The UNPF advantages are as followed: Less space，suitable for 
small size; Less water and nutrient solution; Less noise than hydroponics; Support 
for more designs.  
The attributes of UNPF indicated that it is a suitable technology for designing 
Entry-level type HPF.	  Although by observation, the appearance of vegetables were 
good, the vegetables nutrient value was not clear yet. Thus Designers should be 
cautious when design bigger size home plant factory using this technology.  Thus 
this technology can used for small size low production home plant factories, the 
target users should not require the quantity of vegetables. Eating vegetables is not 
their main purpose.  
The designs using UNPF are more popular for the Conservative life group users. 
 95 
It seems that customers accepted the designs using UNPF. The result of the new 
technology study could help designers feel more free to use the requirements of 
HPFs. Actually this technology study part improved the practicability of the 
design requirements of HPF. 
 
5.11 Conclusion 
  UNPF has some advantages compared with other technologies for home use 
plant factories. The traditional home plant factory mainly supply vegetables to 
people, while UNPF can not only plant vegetables but also have a double effect on 
the home environment. For example the mist of UNPF can bring dramatic and 
restful atmosphere at home. Those attributes indicate that UNPF is a sutiable 
technology for Entry-level type HPF. 
  UNPF is also considered to be environment friendly than the traditional 
hydroponics plant factories both in output of municipal solid waste and noise 
reduction. Compared with the control group in this experiment, UNPF produced 
less waste.  
  Designers can make use of this technique to create more innovative designs 
without the limitations of using a tank inside like conventional hydroponics. This 
technology is proved to be suitable for small size home plant factory, and it worth 
testing for the middle size and big size HPF using UNPF in future. As a 
technology support, UNPF satisfies the market and improves the practicability of 
the design requirements for the Conservative life group.  
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6. Conclusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This study clarified the design requirements for different market in China. 
Analyzing the customers’ value attitudes allowed us to extract five factors for 
home plant factories: Quality of vegetables, Quality of life, Value added, 
Technology, and Extra consumption.  
The study shows that people’s attitude changes according to the income. 
People who would like to buy vegetables from plant factory valued Quality of 
vegetables factor and Appearance of vegetables factor more than those would not 
buy. It indicates that quality of vegetables and their appearance could increase the 
purchase intent. Thus inviting customers to taste vegetables from plant factory is a 
good promotion. The quality of vegetables should be also emphasized during the 
promotion. A mini plant factory used at home is also good for promotion of the 
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technology of plant factory. The research also indicates that those who would like 
to buy home plant factories valued more on the quality of vegetables and quality 
of life. Their income are also higher than those who would not like to buy home 
plant factory. 
The study structure is showed in Figure 6-1. Firstly, the Chinese market was 
categorized into four groups: Convenient life, Economical life, Conservative life, 
and Healthy life. The market segmentation includes three markets: Convenient life 
group, with a proportion of 36%, is the target user of Life-Centered Middle Size 
HPF. Health life group, with a proportion of 36%, is the target user of Household 
Vegetable Appliance HPF. The Entry-level type HPF is suitable for Conservative 
life group, with a proportion of 17%.  
After market study, the designs of HPF on the market were analyzed. The result 
of Quantification Type Three shows that there are four types of design on the 
market: Life-Centered Middle Size HPF, Household Vegetable Appliance HPF, 
Entry-level type HPF and Production type HPF. The relationship between market 
and design was discussed. As a result, the suitable design style for the three market 
segmentations was verified. Life-Centered Middle Size HPF is suitable for 
Convenient life group. Household Vegetable Appliance HPF is suitable for 
Healthy life group. Entry-level type HPF is suitable for Conservative life group. 
Then the design requirements for each design style are discussed.  
For Convenient life group users, they asked for middle production, middle cost 
to purchase, multifunction like education, they would put it in kitchen, living room 
or on the table. Designer could follow the requirements like Middle size, Cube, 
Modern style, Straight line, Homely, Integration, Transparent and Moveable.  
For Healthy life group, they like high production for the big family, the other 
plants like mushroom are also popular, and it is put in kitchen or living room. 
Designers could follow the requirements like Big size, High-end, High tech, 
Modern style, Homely, Integration, Transparent and Immobilization. 
For the users from Conservative life group, the designer could refer to the 
requirements like Small size, Colorful, Irregular, Curve, Opening, Detachable and 
Moveable.  
Based on the market study and design study, a new technology is developed to 
support the practicality of design requirements.  
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Figure	  6-­‐	  1	  Structure	  of	  the	  study	  
	  
The new technology named UNPF was proved to have some advantages 
compared with other technologies for small size home use plant factories. It can 
not only plant vegetables but also have a double effect on the home environment. 
For example the mist of UNPF can bring dramatic and restful atmosphere at home. 
This new technology is also considered to be environment friendly than the 
traditional hydroponics plant factories both in output of municipal solid waste and 
noise reduction. Compared with the control group in this experiment, UNPF 
produced less waste. Designers can make use of this technique to create more 
innovative designs without the limitations of using a tank inside like conventional 
hydroponics. UNPF indicates a new application in home use plant factories. 
To that end, this study should be used as a meaningful strategic design index 
for plant factory designers. 
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Appendix 
Questionnaire: marketing research  
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Quantification Type Three Input Data 
 
 106 
 
 107 
Plant experiment data 
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Factor scores of home plant factory 
FAC1_1 FAC2_1 FAC3_1 FAC4_1 FAC5_1 GROUP QCL_2 
-0.035455 1.249365 0.972259 -2.93902 -2.329622 3 2.884153 
-1.132722 0.485413 -0.007174 -0.321621 0.262356 1 0.689733 
-0.268176 -3.406919 1.414456 0.878494 -1.801305 2 3.20184 
2.163383 1.141408 -0.684302 -2.422835 -1.953976 3 3.039374 
-0.189692 -0.097926 -0.05519 0.231989 -0.070208 1 0.94334 
0.644037 -0.684169 1.960751 -0.500686 -0.479916 4 2.165488 
-1.189538 0.79749 -0.031541 0.346106 1.184577 1 1.039777 
0.692195 0.312436 0.086882 -1.525371 -0.651055 3 0.969144 
-0.731825 0.868975 0.107712 0.727934 1.011508 1 0.966171 
0.064981 0.48622 -0.264903 -0.09907 0.194804 1 0.92175 
-0.025379 -1.129306 -0.336252 0.089752 0.341695 4 1.253929 
1.412782 1.262157 1.150768 0.446617 1.352536 4 2.192688 
-0.099934 1.518418 0.171492 -0.299362 0.350774 1 1.335927 
-0.079394 1.501838 -0.764392 -0.291775 0.036159 1 1.457235 
0.703369 -0.811167 -0.135418 0.238388 -0.086714 4 0.892854 
-0.816483 -1.542561 0.325021 -0.099868 -1.520801 2 1.902133 
0.32851 -0.429694 -0.588353 -0.465968 -1.458104 3 1.164823 
2.038114 -2.019275 0.927291 0.510299 0.431654 4 2.301153 
-1.074647 0.760537 -0.140081 0.0815 0.258974 1 0.402804 
-0.968666 0.677589 0.94771 0.33729 0.852516 1 1.253293 
-0.430714 -0.518906 -1.819044 -0.979389 -0.934853 3 1.707191 
-1.107416 0.269355 -0.555018 0.725194 -0.57364 1 1.147078 
0.491034 0.371626 -0.334138 -0.266386 0.208841 4 1.006974 
-2.044299 -1.407221 0.380911 -3.285437 -0.766965 3 3.20165 
-0.430714 -0.518906 -1.819044 -0.979389 -0.934853 3 1.707191 
-0.122322 -0.80675 -1.31007 1.273498 -0.25335 2 1.992539 
-0.17788 0.494789 -0.692029 1.201384 0.778915 1 1.352118 
0.15038 1.457873 -1.65291 1.347098 0.543868 1 2.291278 
0.714399 0.632284 -0.52918 -1.054884 -0.090424 3 1.346887 
1.837486 -0.525369 1.005124 0.740798 1.714207 4 1.94741 
-0.861023 -0.732409 -0.005865 0.547386 0.696531 1 1.39448 
0.768603 -0.096191 -0.187657 -0.327997 -1.134568 3 1.262438 
0.629937 -0.031475 1.151785 -0.953954 -0.731226 3 1.576862 
-1.006321 0.005265 -0.160299 -0.551234 0.580157 1 1.04274 
-0.993317 0.49191 -0.070745 -1.214094 0.349973 1 1.483392 
-0.541722 1.001097 0.490395 0.673552 0.83559 1 1.068689 
-0.273154 1.008454 -2.440779 1.076496 -0.500466 1 2.655983 
-0.548484 1.722878 0.127173 1.613414 0.64892 1 1.868639 
1.610106 -1.065867 2.115933 -1.737303 0.800887 4 2.836726 
-0.394598 1.289939 -0.752311 0.54768 1.101568 1 1.355616 
-0.817474 -0.139019 -0.599301 -0.843713 1.221978 1 1.668472 
-1.573224 0.010284 -0.612677 0.080605 1.07901 1 1.355179 
0.762554 -0.053864 -0.558364 -0.768739 -1.661296 3 1.285098 
-1.545771 1.086652 0.151615 -0.817165 0.018134 1 1.471828 
0.611367 -0.344065 -0.470901 1.234305 0.198631 4 1.460734 
 110 
-0.629985 -0.781652 1.356377 -1.061233 -0.164465 3 1.960219 
-0.001777 -0.025049 -0.171243 -0.36012 0.820459 4 0.999957 
-0.025418 1.390456 -0.016267 1.133644 0.261212 1 1.434679 
-0.209802 0.433437 0.137472 0.238786 0.466584 1 0.66554 
0.401041 1.379343 -0.654305 -0.133587 0.551195 1 1.596944 
-0.837452 -0.444434 -0.239791 -0.546219 0.205189 1 1.282914 
0.680637 0.481252 -1.27774 -0.482639 0.279389 4 1.742745 
-1.753183 1.288544 1.594464 1.32516 -0.263383 1 2.438973 
-1.078061 -1.237321 1.480618 0.454046 1.746151 4 2.763665 
0.111544 -1.518422 0.065544 -0.133573 1.459419 4 1.632599 
-0.165868 -0.533933 -0.454587 -0.173795 2.137294 4 1.955068 
2.115388 0.112698 -0.286877 -0.569293 0.043723 4 1.659601 
0.194522 0.856035 -0.762828 1.824701 0.157687 1 1.97961 
1.869327 0.564095 0.271862 0.750813 0.361256 4 1.630561 
0.791486 0.894662 -0.547727 -0.537101 1.819544 4 1.97011 
-0.875044 -0.158443 -0.565005 0.657821 0.507446 1 0.960316 
1.592855 1.682723 0.952124 0.035283 -0.699799 4 2.640557 
1.680922 1.279827 1.029841 -0.299504 0.15281 4 2.107216 
0.408326 1.797298 1.558023 0.69107 -1.377257 2 2.715504 
-0.041844 1.621079 1.134535 1.097359 -0.440412 1 2.126845 
-0.190327 0.822952 0.666463 -0.902272 0.913701 1 1.669688 
-1.36911 -0.222765 0.091577 0.185949 2.328571 1 2.28694 
0.03042 -2.270551 -0.5316 0.740185 2.210605 4 2.841434 
0.58855 1.937282 -0.664776 -0.617999 -0.182235 1 2.237692 
0.257264 0.432994 -0.992913 0.548235 -0.763091 1 1.725297 
1.602346 -0.69923 0.02846 3.698138 -0.598081 2 3.06886 
0.045516 -0.720249 0.116315 -0.610323 1.360376 4 1.293101 
0.061298 -0.233707 -0.193074 1.064352 1.076245 4 1.449202 
1.933379 -0.678412 1.223521 -0.876819 0.532321 4 1.819838 
2.028477 1.204133 -2.67271 -0.113621 1.620199 4 3.619644 
1.091306 -0.054146 0.173312 0.950039 0.371514 4 1.07773 
-0.203922 0.442146 -1.428334 1.411204 0.762166 1 1.895912 
0.628645 0.1998 -0.491062 -2.572087 0.296261 3 1.921823 
-0.035455 1.249365 0.972259 -2.93902 -2.329622 3 2.884153 
0.202592 0.314395 -0.421827 -2.404771 0.282223 3 1.702063 
0.070457 -0.037763 -0.090969 0.052687 0.399362 4 0.828387 
-0.682157 -0.485387 -1.481778 -1.34841 -0.127993 3 1.625468 
-1.02708 0.340878 -0.819304 -0.64185 0.719786 1 1.251284 
1.412782 1.262157 1.150768 0.446617 1.352536 4 2.192688 
-2.231213 0.363404 -0.674504 1.24875 -1.038062 1 2.275651 
0.164417 0.405111 -0.116992 -0.359677 0.327873 4 1.08428 
1.502962 -0.94356 -0.117139 -0.946764 1.005136 4 1.420508 
-0.146635 -0.824997 0.205181 -0.834806 0.365991 4 1.337396 
-0.009779 0.065261 -0.839049 0.930302 1.372502 1 1.727152 
-1.071682 0.485596 -0.186118 0.074529 0.339538 1 0.361536 
0.293955 0.262304 1.573513 -0.044412 -0.676718 4 2.031089 
-0.563598 -0.043496 -1.61319 0.55462 -0.662053 1 1.884818 
1.107526 -1.654844 -0.280205 -1.468168 0.277792 4 2.048176 
 111 
-1.320306 -0.04416 0.422808 0.157196 -0.849952 1 1.497889 
-0.626578 -1.118615 0.631718 -0.623355 1.037159 4 1.842135 
1.168623 1.261423 1.866543 -1.137983 1.043806 4 2.667558 
0.155504 -0.564048 0.143353 -1.345374 -0.279626 3 0.861882 
-0.755289 -0.090236 0.968624 -1.347442 -1.869357 3 1.72926 
-0.415577 0.093628 -0.073589 1.313067 -1.211321 2 0.776545 
-1.308126 0.281858 0.952726 0.036802 -0.486123 1 1.473426 
0.463347 0.190122 0.564007 -0.565441 -0.309154 4 1.261633 
-1.275204 -2.3435 1.657305 1.671825 -1.357117 2 2.646329 
-0.679081 0.299275 -0.114266 -0.060886 -1.248222 3 1.456468 
-1.899596 0.679949 1.612488 -0.134918 0.237036 1 2.119731 
0.082949 0.431196 0.678918 1.007354 0.948595 1 1.562631 
-1.170361 0.841912 0.000957 -0.194082 0.258987 1 0.675477 
0.115241 1.668739 1.223898 0.048383 0.202943 1 1.98213 
-0.877332 0.735979 -0.566624 -0.090314 0.452804 1 0.612761 
2.428592 -2.342601 -0.397152 -0.466155 -0.00786 4 2.748768 
-1.643308 -0.934501 0.400878 0.820583 -0.7696 2 1.821133 
1.147389 -0.145515 -2.153077 -0.388032 -2.208328 3 2.774401 
0.821304 -0.861585 0.731472 1.049356 -2.05991 2 1.2776 
0.51257 -0.060584 0.700907 0.336164 -0.444084 4 1.255493 
0.500381 -0.017796 -0.333793 1.306071 -2.223265 2 1.254517 
0.171917 0.68726 0.536027 0.773437 -1.129412 2 1.344802 
1.13007 -1.399346 -2.410169 -0.713387 0.361393 4 2.891033 
-0.573889 -0.741555 -0.172584 -0.53118 -0.839399 3 1.097909 
0.726006 -0.349666 -0.943867 0.422079 -0.158059 4 1.388809 
0.701395 0.145639 -0.618734 -0.392023 0.13976 4 1.076021 
0.366111 0.132677 -0.483685 -0.705136 -0.505102 3 0.835268 
0.491034 0.371626 -0.334138 -0.266386 0.208841 4 1.006974 
-2.200783 -1.864428 -0.370292 -1.316135 -0.066576 3 2.89758 
2.23248 -0.32012 -3.392964 1.850194 -3.743536 2 4.958468 
-0.613248 1.33394 1.401776 0.289009 -0.016235 1 1.757281 
0.416014 -3.223167 -0.076434 0.330393 0.35091 4 2.943245 
1.606878 0.792998 1.119231 -0.032793 0.305811 4 1.719916 
0.288553 -1.069505 -0.949704 -0.806077 -2.127266 3 1.844135 
1.618429 1.527039 -0.953299 -0.782031 0.361015 4 2.458737 
0.731571 0.81148 -0.808119 0.632007 0.710064 4 1.648113 
-0.589278 0.53284 -0.315005 0.338435 -1.889153 2 1.65842 
-1.023098 -0.381773 1.725069 -0.374997 0.176886 1 2.190939 
-0.430714 -0.518906 -1.819044 -0.979389 -0.934853 3 1.707191 
-2.049639 -0.851762 -1.101782 1.657356 -0.05873 1 2.575557 
1.700973 -0.968765 1.062839 -0.437277 -0.96921 4 2.137048 
1.472256 -0.622799 0.706331 0.352055 0.177122 4 1.070746 
-0.149858 -1.750207 -1.145842 0.592012 1.494239 4 2.409293 
-0.226547 -1.684959 0.287265 0.26468 -0.154653 4 1.850424 
0.668798 -2.075896 1.508133 1.994299 0.557885 4 2.98549 
-0.064722 -1.032755 0.261501 1.828707 -2.39738 2 1.261418 
0.002803 0.72464 0.7502 -1.743093 0.083141 3 1.662084 
-0.653303 0.007338 0.049568 0.36775 -0.333915 1 0.855601 
 112 
-1.06783 0.325904 -1.170256 0.798016 0.181348 1 1.232288 
-0.848914 -0.071748 -0.52855 0.49529 -0.732588 1 1.275394 
0.428704 1.156512 0.342001 -0.741815 -0.208504 3 1.670299 
1.307431 0.45184 1.254829 0.255889 0.941261 4 1.527876 
-0.776412 -0.444251 -0.418735 -0.150069 0.282372 1 1.110418 
-0.243124 -1.627558 -0.045294 -1.530496 0.655552 3 2.185536 
-0.940963 -0.159308 0.257553 -1.219355 0.00425 3 1.330349 
-2.225476 0.802219 -2.936365 -0.536143 0.947452 1 3.328493 
1.425272 1.382054 1.615148 -0.931278 -1.963423 3 3.018646 
-1.576499 1.100879 1.027028 0.930162 -0.604194 1 1.881083 
-0.629893 -3.017168 1.825971 -0.233885 1.581708 4 3.608294 
-0.618115 0.047427 -2.075118 -1.695751 0.35058 3 2.319191 
-0.759823 0.489714 -0.377802 0.142734 0.379215 1 0.290406 
-1.210856 -0.272345 1.744299 0.649699 -0.77816 2 2.06954 
-1.227823 0.534526 1.100101 -1.33272 -1.277653 3 1.936338 
-0.959999 0.615925 -0.283639 -0.31972 0.189906 1 0.624821 
-0.483868 0.666318 -0.501316 0.038607 1.051098 1 0.935552 
0.580308 -0.5675 -0.018708 -0.353117 -0.126708 4 0.836604 
-0.942947 0.496769 -0.243473 0.220882 -0.947805 1 1.240974 
-0.619953 -1.38925 0.316933 -0.404585 0.660111 4 1.798966 
1.412782 1.262157 1.150768 0.446617 1.352536 4 2.192688 
0.57229 0.547934 -0.445429 0.245029 1.66718 4 1.580909 
0.316384 0.066664 0.338547 0.651085 1.613215 4 1.407044 
-1.605587 2.185499 0.804574 0.408925 -0.069654 1 2.09495 
-0.000726 0.360149 0.216692 2.302775 -1.221202 2 1.335409 
0.925777 -0.654314 -0.34419 -0.628095 0.259764 4 0.909933 
-0.796105 0.64064 -0.118871 -0.744669 0.458718 1 1.013834 
0.552073 0.371809 -0.513082 0.129764 0.286024 4 1.052289 
-0.874388 0.624418 -0.128428 0.235421 -0.126277 1 0.420494 
-0.657784 -0.140182 1.777401 1.575898 -0.635051 2 1.840623 
-1.127888 -0.242437 2.266004 1.549826 -2.712934 2 2.62564 
-1.248096 -0.225225 1.989501 -0.31569 -0.052914 1 2.403613 
0.371933 -2.090109 -0.510718 0.248919 1.53746 4 2.169541 
-1.406597 -0.118081 2.343393 -0.501999 1.069393 1 2.862837 
-0.955951 0.010124 -0.333027 0.883743 -0.71762 1 1.325403 
1.429834 1.143001 1.190933 0.987219 0.214825 4 2.197612 
-1.273152 0.4777 -0.243468 -0.262495 0.80001 1 0.89655 
-1.212112 0.477884 -0.422412 0.133655 0.877192 1 0.809963 
0.666114 0.64562 -0.287386 -0.167299 -0.93738 3 1.493588 
-0.819578 -0.438188 0.122376 -0.659767 0.696792 1 1.433168 
0.861102 -1.079169 1.094227 0.930503 -0.205918 4 1.708789 
1.755648 1.263495 -0.774073 0.911598 -0.186959 4 2.413764 
-0.506997 -0.46348 -0.91678 -0.458936 -0.188649 3 1.366013 
1.213937 -0.471772 -1.19993 0.595603 0.177001 4 1.606203 
0.703527 -0.586125 -0.624403 0.667394 1.449404 4 1.39645 
-0.373588 0.11376 -0.700069 -0.019886 -0.3004 1 1.03586 
0.644313 -0.842257 -0.243689 0.036062 0.031039 4 0.844047 
0.290091 -0.022886 -0.856677 0.927747 -2.051173 2 1.469349 
 113 
-1.515431 0.731492 -1.365767 -0.595252 0.557567 1 1.698703 
0.071929 1.028387 1.359889 0.84404 0.162858 1 1.883134 
0.305284 0.102307 -0.374675 0.673354 -0.019897 4 1.234162 
1.564053 0.42702 1.300983 0.834021 0.448425 4 1.804974 
0.386628 -1.764203 -1.256991 -0.299882 0.12537 4 2.108897 
-0.341516 -0.39067 0.302276 -1.395744 0.997879 4 1.831916 
0.508086 0.252469 -0.293972 0.274216 -0.928869 2 1.560057 
0.386435 -0.716705 0.75593 -0.750919 0.640919 4 1.090349 
0.771012 -2.314424 0.068035 0.404943 0.774913 4 2.033179 
0.83885 -1.046281 -1.144463 -0.515663 -0.78955 3 1.750046 
0.491034 0.371626 -0.334138 -0.266386 0.208841 4 1.006974 
0.491034 0.371626 -0.334138 -0.266386 0.208841 4 1.006974 
-0.77891 -0.02412 -0.012696 -0.178628 -1.44316 3 1.438702 
0.349605 -0.786791 -0.263857 0.436378 -0.70595 2 1.332777 
-0.700077 -0.697509 -1.607422 0.593711 -0.543437 1 2.126604 
0.455167 -0.251935 0.512052 3.1539 -0.057417 2 2.390896 
0.491034 0.371626 -0.334138 -0.266386 0.208841 4 1.006974 
-0.805637 -0.928818 -0.196541 1.193162 -0.975987 2 1.079585 
1.772058 0.518715 1.10957 -1.004563 -0.285237 4 2.074819 
0.460259 0.072729 -0.468595 -0.098059 1.58354 4 1.312667 
1.199018 -0.010316 1.291459 -0.779944 -0.156732 4 1.628916 
-0.852436 -0.850119 0.369329 -2.011062 -0.998189 3 1.479301 
-0.050746 1.479436 -0.128562 0.483775 0.172886 1 1.202199 
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